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New concentric mirror optics give 


HIGH RESOLUTION with 
80% LESS RADIATION 


in 4x4" photofluorography 


The heart of the Fairchild-Odelca Camera is its ‘iw P . 
Bouwers Concentric Mirror Optical System. or 
Because its speed is four times that available 

in present refractive lens cameras, patient 

exposure to X-rays is reduced by 70 to 80%. 

Resolution is more than doubled, which insures 

sharp, crisp negatives of diagnostic quality. In fact, 

the resolution of this optical system exceeds that of the 

fluorescent screen. That means the Fairchild-Odelca 

Camera records all the details the screen can show. 

And because of the camera’s fast optical speed, much 

voluntary and involuntary motion can be stopped, 

thus virtually eliminating the need for retakes. 

With the introddction of the Fairchild-Odelca Camera, 

one investment gives you a completely versatile 

X-ray system covering the four major categories of 

photofluorography. Films are small enough—and 

inexpensive enough—to make the camera practical : 

for hospital admissions and mass chest survey. Yet 

the detail achieved makes it entirely suitable for “lt soa 
general and serial diagnostic photofluorography. f 


FIND OUT ALL the details from your y 
regular X-ray equipment supplier, or write 
Fairchild Camera and Instrument 

Corporation, Industrial Camera 

Division, 88-06 Van Wyck Expressway, 

Jamaica 1, New York, Dept. 160-48R1. 
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Standard for over a decade for prevention and treat- 
ment of eye infections 
More than a decade of use confirms these advantages 
of Sodium SULAMyD in the treatment and prophylaxis 
of ocular infections: 

*Rapid absorption—excellent penetration of ocular 
tissues. 
¢ Promptly effective against all common eye pathogens — 
both gram positive and gram negative. 

¢ Minimizes incidence of infection after ocular trauma. 

* Little tendency to bacterial resistance. 

Nonirritating to eye—virtual absence of sensitivity 

reactions. 

Repeatedly endorsed for industrial eye practice.’* 
THREE FORMS FOR YOUR CONVENIENCE: 
Sodium SULAMYD Ophthalmic Solution 30% —for severe 
infections: 5 cc. and 15 cc. dropper bottles. 

Sodium SULAMYD Ophthalmic Solution 10% with Meth- 
ylcellulose 0.5% —for mild and moderately severe infec- 
tions and prophylaxis: 15 cc. dropper bottle. 

Sodium SuULAMyYD Ophthalmic Ointment 10% —for 

nighttime use and for treatment of styes and lid infec- 

tions: Ye oz. tube. 

" References: (1) Dickson, R. M.: Brit. J. Phys. Med. 7:77, 1944. 

eS (2) Collier, E.: Brit. J. Phys. Med. 6:181, 1943. (3) Mayer, L. L.: 

4 A.M.A. Arch. Ophth. 39:232, 1948. 


Sodium SULAMYD,® brand of Sulfacetamide Sodium U.S.P. 
2 SCHERING CORPORATION * BLOOMFIELD, NEW JERSEY 
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Instructions to Contributors 


Articles, book reviews, and other materials for publication should be addressed to the 
Chief Editor of the Specialty Journal concerned. Articles are accepted for publication on 
condition that they are contributed solely to that journal. 


. An original typescript of an article, with one carbon copy, should be provided; it must 
be double or triple spaced on one side of a standard size page, with at least a 1-inch margin 
at each edge. Another carbon copy should be retained by the author. An article in English 
by a foreign author should be accompanied by a draft in the author’s mother tongue, Im- 
provised abbreviations should be avoided. 


The main title of an article may not contain more than eighty characters and spaces; 
a subtitle may be of any length. The subtitle should be sufficiently detached from the main 
title that a punctuation mark as strong as a colon can be used to separate it from the main 
title; it must not begin with “with.” 


The author’s name should be accompanied by the highest earned academic or medical 
degree which he holds. If academic connections are given for one author of an article, such 
connections must be given for all other authors of the article who have such connections. 


If it is necessary to publish a recognizable photograph of a person, the author should 
notify the publisher that permission to publish has been obtained from the subject himself 
if an adult, or from the parents or guardian if a child. An illustration that has been published 
in another publication should be accompanied by a statement that permission for reproduction 
has been obtained from the author and the original publisher, 


Oversized original illustrations should be photographed and a print on glossy paper sub- 
mitted. Prints of a bluish tinge should be avoided. Large photomicrograph prints will be 
reduced in scale unless portions to be cropped are indicated by the author. The author should 
submit duplicate prints of roentgenograms and photomicrographs with the essential parts that 
are to be emphasized circled, as a guide to the photoengraver. 


Charts and drawings should be in black ink on hard, white paper. Lettering should be 
large enough, uniform, and sharp enough to permit necessary reduction. Glossy prints of x-rays 
are requested. Paper clips should not be used on prints, since their mark shows in reproduc- 
tion, as does writing on the back of prints with hard lead pencil or stiff pen. Labels should 
be prepared and pasted to the back of each illustration showing its number, the author’s 
name, and an abbreviated title of the article, and plainly indicating the top. Charts and 
illustrations must have descriptive legends, grouped on a separate sheet. Tables must have 
captions. ILLUSTRATIONS SHOULD BE UNMOUNTED. 


References to the literature should be numbered in the order in which they are referred 
to in the text or listed in alphabetical order without numbers. A chronological arrangement, 
with all entries for a giyen year alphabetized according to the surname of the first author, 
may be used if preferred. References should be typed on a special page at end of manuscript. 
They should conform to the style of the Quarterly Cumulative Index Medicus, and must include, 
in the order given, name of author, title of article (with subtitle), name of periodical, with 
volume, page, month—day of month if weekly or biweekly—and year. Names of periodicals 
should be given in full or abbreviated exactly as in the Quarterly Cumulative Index Medi- 
cus. Reference to books must contain, in the order given, name of author, title of book, city 
of publication, name of publisher, and year of publication. Titles of foreign articles, if 
originally in a generally known Romance or Germanic tongue, must either all be in English 
translation or all be in the original language, Titles in other languages must be translated. 
The author must assume responsibility for the accuracy of foreign titles, 
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Combat Industrial Dermatitis with 


M-S-A FEND-SILICONE CREAM 


. .. New formula utilizes advantages of 
silicones* to protect against irritants 


The addition of silicones makes this remarkably 
effective bland vanishing cream chemically inert, 
adhesive, and water repellent. It goes on the skin 
smoothly and easily, and it is free from any “feel.” 
The invisible film is tough, durable. It protects 
against soaps, detergents, chemical dusts and pow- 
ders, dilute acids and alkalies. The cream is non-toxic, 
does not interfere with normal skin gland function, 
and is buffered to the average pH of the acid mantle 
of the skin. Available in 3 oz. tubes or 1 Ib. jars. 
Write for details. 


also M-S-A FEND BARRIER 
PROTECTIVE CREAMS 
AND LOTIONS 


Neutral and bland, Fend prod- 
ucts are available for a wide 
variety of irritants. They are 
easy to apply and remove— 
are not likely to irritate the 
most sensitive skin. Write for 
details. 


A 
SAFETY EQUIPMENT HEADQUARTERS 


MINE SAFETY APPLIANCES COMPANY 
201 North Braddock Avenve, Pittsburgh 8, Pa. 


At Your Service: 82 Branch Offices in the 
United States and Canada 


* dimethylpolysiloxane 10% 


It’s not the microscope or 
even the sphygmomanometer, 

but the trained clinical judgment Me 
of your physician. 


“*THE FINEST 
DIAGNOSTIC INSTRUMENT” 


by Paul Williamson, M.D. 


This four page reprint from TODAY’S HEALTH will be helpful and 
valuable literature for your office reception room. 


ORDER BLANK 


Order Department 
American Medical Association 


Enclosed is $- _(no stamps) for—____ 535 N. Dearborn Street 
copies of “The Finest Diagnostic Instrument” Chicago 10, Illinois 
Please send pamphlets to: 
PRICES (please print) 
Single copy $ .10 
10 copies 85 NAME. 
25 copies 2.00 
50 copies 3.75 STREET. ie 
100 copies 7.00 
250 copies 16.25 CITY. 
500 copies 30.00 
1000 copies 60.00 STATE. 


Remittance should be enclosed for orders of less than $5.00. 
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REDUCES “LOW BACK" PAIN ! 


orally effective lissive 
Fiexin reduces absenteeism due to low back disorders 
With Fiexin, “...almost 80 per-cent of these patients could be re- 
turned to work with no time lost due to their muscle complaints.”! 


AVAILABLE: Tablets, Enteric Coated, pink, 250 mg., bottles of 36. 
Tablets, scored, yellow, 250 mg., bottles of 50. ~ 


1, Johnson, H. J., Jr.: To be published. 
*U.S. Patent Pending 
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GB: A Specialized Soap to Meet Every 


Type of Plant Requirement! 


Whether for light, heavy or extra heavy duty, for 
general plant or office use, or to solve specific 
cleansing problems, our more than 40 years of 


AUDIOLOGY FOR INDUSTRY 


Colby College, Waterville, Maine presents 
the Fifth Annual Course in Industrial Deafness, 
August 5-10 inclusive. Objective of the course 
will be to train physicians interested in the 
problem, nurses, plant engineers and so forth in 
initiating and conducting hearing conservation 
programs in noisy industries. The course in- 
cludes basic otology, audiometry, noise measure- 
ment and control, and ear protection. Eiglit 
full time instructors .have been selected from 
authorities in this field. Class limited to ap- 
proximately twenty participants. 


Registrants will live on the College Campus 
and the Tuition fee of $200.00 includes board 
and room. Applications should be made to Mr. 
William A. Macomber, Director, Division of 
Adult Education and Extension, Colby College, 
Waterville, Maine. 


experience in serving industry is at your service. 
Your inquiries will receive prompt and intelligent 
attention! 


LIGHTFOOT SCHULTZ COMPANY 


380 MADISON AVENUE NEW YORK 17,N. Y. 


Frederick Thayer Hill, M.D. 
Director 


Joseph Sataloff, M.D. 
Assistant Director 


Are your patients 


bothered by weight? 


Exercises for the busy man, by S. C. Staley and F, V, Hein. 12 pp. 15¢ 
Exercises for women, by Lydia Clark. 12 pp. 15c 

You can reduce, by G, Austin. 16 pp. 20c 

Heisht-weight tables for men and women, 4 pp. 10c 

How to gain weight, by Laura A. Miller. 16 pp. 15¢ 
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Enclosed find $........for the pamphlets checked below. 
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EXERCISES FOR WOMEN, 15¢ 
F) YOU CAN REDUCE, 20¢ 
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For the patient who has that 
minor under or over-weight 
problem, or wants to regain that 


feeling of “well-being” . . . 


send today 


Powdered 
Liquid EVERY TYPE OF Bar 
Soap SKIN CLEANSER Soap 
__-manufactures all three from raw 
a material to finished product! 
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Foreword 


One of the most fascinating aspects of 


general physiology, and one of the abiding, 


interests of physiological investigators, the 
world over, has been the role fulfilled in the 
living organism, for better or worse, by the 
mineral elements which, occurring in vary- 
ing forms and concentrations in the earth’s 
crust, find their way by various means and 
in varying concentrations into the tissues 
and tissue fluids of plants and animals. Time 
and a multitude of observations, some of 
which have been fortuitous, have served to 
demonstrate that both beneficent and noxious 
effects are associated with the presence of 
one or another of the many mineral elements 
in the environment and substance of some 
specific plant or animal. In certain instances 
the physiological mechanisms involved have 
been indicated. Rarely, however, have such 
mechanisms been elucidated fully, and it is 
fair to say that herein reside some of the 
most elusive and intriguing mysteries of the 
processes of life. 
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Uses of Aluminum in Medicine 
Concluding Comments 


Tables 


1. Solubility of Various Aluminum Compounds 
in Water 


. Occurrence of Aluminum in Some Soils of 
the United States 


3. Concentrations of Aluminum and Certain 
Other Metallic Constituents of the Atmos- 
phere of Several Communities 
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. Occurrence of Aluminum in Drinking Water 
Supplies 


. Estimates of Daily Intake of Aluminum by 
Man 


9. Compilation of Data on the Occurrence of 
Aluminum in the Tissues of Man 


References 


An important principle emerges from the 
many and often unrelated observations, in 
that favorable (or innocuous) environmental 
conditions, with respect to a specific mineral 
element which gains access to the tissues of 
a plant or animal, may be differentiated from 
unfavorable, on the basis of the ranges of 
concentration below or above a threshold 
level found in the environment or within the 
organism itself. Variations in such concen- 
trations, which coincide with health or dis- 
ease in the living organism, occur often in 
nature in consequence of the variability of 
the richness of the element in the soil or 
water of the earth’s areas, while artificial 
factors have been imposed by man’s cease- 
less effort to obtain and make use of the 
minerals of the earth, thereby altering the 
natural environment and reducing or in- 
creasing the ease and extent of access of the 
element to plants or animals in the areas 
involved. 

This brief epitome includes within its 
scope the considerations, hypotheses, and 
experimental efforts put forth in the fields 
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of horticulture, animal husbandry, and 
plant and animal physiology with respect to 
the mineral metabolism. Further, it en- 
compasses the search of the alchemist and 
medicine man and, in more modern times, 
that of the biochemist, pharmacologist, 
veterinarian, and physician for mineral 
agents for the relief or cure of the diseases 
of plants, domestic animals, and men. More 
pertinently, for present purposes, it extends 
to the attempts of the pharmacologist, toxi- 
cologist, and industrial hygienist to explore 
the combined effects, upon the health of in- 
dustrial workers and the general public, of 
natural and artificial variations in the con- 
tent of mineral elements and their com- 
pounds in human food and beverages and in 
the air breathed by men in the modern world 
of industry and technology. 

In this Laboratory, any unhampered op- 
portunity to widen the scope of our knowl- 
edge of the metabolism, as well as other as- 
pects of the behavior, of metallic compounds 
in the animal organism is welcomed with 
enthusiasm. Accordingly, when representa- 
tives of industries engaged in marketing 
finished aluminum products communicated 
to us their desire to establish the truth 
or falsity of certain persistent allegations 
and inferences that human health is being 
jeopardized by the use of their products, due 
notice was provided thereby that such an 
opportunity had presented itself. It was not 
that this was a new or unfamiliar problem. 
Rather, the possibility existed that certain 
items of new and useful information might 
be found in as yet unearthed or insufficiently 
explored experimental reports on the sub- 
ject. More to our taste was the likelihood 
that certain additional investigations might 
be justified by the gaps in the available 
information, or by previously unrecognized 
suggestions of harmful effects which would 
provide experimental leads. In any event, 
the first step in the process had to be a 
thorough and critical search of the literature, 
in the expectation that this would provide 
a proper basis for advice to those who had 
sought our counsel, and for a decision on 
our own part as to the scope and design of 
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further investigations, should the latter be 
indicated. 

The publication which follows is the 
product of the review and interpretation of 
the observations and reports of many in- 
vestigators. Some 1500 books, reports, and 
articles by authors and investigators in more 
than 20 countries have been assembled and, 
for the most part, abstracted in some detail. 
Of these, about 500 have been cited in 
documentation of facts and statements in 
the text. An unstinted effort has been put 
forth to sift out the pertinent and reliable 
information. While it cannot be said that 
every significant observation recorded by 
every capable investigator in every corner 
of the world has been taken into account, 
it seems unlikely that any very significant 
body of fact has been missed or ignored. 
The result must stand for itself in the 
opinion of those who may exercise capable 
and critical judgment. 


I. History of the Development and Uses 
of Aluminum and of the Principal 
Aluminum Minerals 


Jsolation, Production, and Uses of Alumi- 
num —In December, 1856, in the weekly 
publication Household Words, which he was 
“conducting,” Charles Dickens wrote an 
article on a newly found metal—aluminum. 
He traced its development, beginning with 
Lavoisier’s assertion that alumina, among 
other fixed alkalies and earths, is nothing 
else than the oxide of a metal, through Sir 
Humphrey Davy’s failure to isolate the 
metal and Wohler’s success in reducing it in 
1827. Although Dickens included H. C. 
Oersted’s attempts among the failures, the 
part played by this Danish chemist cannot 
be overlooked, for he was really the first to 
obtain a small lump of aluminum—or, as 
he called it, “metal of clay”’—in 1825 by 
heating potassium amalgam with aluminum 
chloride and distilling the mercury from the 
resulting aluminum amalgam. This achieve- 
ment then prompted Wohler to react metallic 
potassium with aluminum chloride, and the 
particles obtained, as large as “big pinheads,” 
made it possible for him to work out the 
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first data on the physical and chemical prop- 
erties of the metal aluminum. His de- 
termination of the specific gravity was 
remarkably close to the accepted value, 2.7 
(about one-third of that of iron), although 
he was unable to get the particles to coalesce 
because of their accompanying oxide film. 
About 30 more years were to elapse be- 
fore aluminum became available in commer- 
cial, but still small, quantities through the 
discovery in 1854 by Henri Sainte-Claire 
Deville that, by using sodium, the sodium 
chloride obtained from the reduction of 
aluminum chloride reacted with an excess of 
aluminum chloride to give a fusible double 
chloride of sodium and aluminum; and that 
this salt in turn acted as a flux which 
allowed the aluminum globules to coalesce. 
Further developments, encouraged by a 
grant from the French Academy and 
Napoleon III, who was anxious to use the 
new light metal for armor and armaments, 
were responsible for the first public showing 
of aluminum—in the form of a bar—at the 
Paris Exposition in 1855. At this time it 
was so costly (about 1000 francs per pound ) 
that Napoleon IIT used an aluminum dinner 
service at important state functions. It is 
reported **° that the first objects made of it 
were a rattle for Napoleon III’s son and a 
medal honoring Wohler, struck by Deville. 
$y 1856, at the time Dickens was writing, 
improvements in the process and reductions 
in the cost of sodium had brought the price 
down to 300 frances ($27.00) per kilogram, 
so that this familiar author could envisage 
all sorts of applications and thought its 
properties of ease of workability and_re- 
sistance to corrosion so valuable as to say: 
“Henceforward, respectable babies will be 
born with aluminium spoons in_ their 
mouths.” Until that year Deville had made 
about 60 Ib. altogether,’*° and throughout 
the following 30 years only about 100,000 
lb. had been produced *; for, while other 
processes were introduced in that period, 
none was sufficiently economical to pave the 
way for the production of a large volume. 
The year 1886 is an important one in the 
history of aluminum. On July 9 of that 
362 


year, Charles Martin Hall, a recent graduate 
from Oberlin College, applied for a patent 
based on the discovery that aluminum oxide 
could be dissolved in molten cryolite and 
that the dissolved oxide could then be re- 
duced electrolytically to produce metallic 
aluminum. In the same year, working en- 
tirely independently, Paul L. T. Héroult of 
France succeeded in isolating the metal by 
the same process. Neither knew of the 
other’s discovery until Héroult applied for a 
patent in the United States. Priority was 
given in the latter to Hall, and in France 
to Héroult, and the process came to bear 
both names. It may be of interest to note 
here that the coincidence in the lives of the 
two men goes even farther, for both were 
born in the same year, 1863, and both died 
in 1914. Hall was able to interest Captain 
Alfred E. Hunt and George H. Clapp, of 
the Pittsburgh Testing Laboratory, in his 
patent. They raised the necessary funds to 
organize a company, the Pittsburgh Reduc- 
tion Company (later named Aluminum 
Company of America), around a small pilot 
plant, and the first aluminum was produced 
by this process in November 1888.74 

In 1888 K. J. Bayer, of Austria, per- 
fected his method for treating bauxite in 
order to obtain the purified alumina needed 
for the reduction of the metal. Both the 
Hall-Héroult and the Bayer processes have 
undergone many refinements, but they are 
still used for almost all of the production of 
primary aluminum in the world. The im- 
pact of these processes has been enormous. 
The estimated output of aluminum in the 
United States in 1887 was 9 short tons, and 
its cost per pound, $7.00; in 1900, a total of 
3575 tons were produced, and the price had 
dropped to 23 cents per pound. By 1910 
primary production in this country annually 
was 18,000, and world production, 41,900 
short tons; it rose by 1940 to 206,300 and 
902,800 and by 1954 to 1,461,000 and 
3,400,000 (estimated) short tons, respec- 

In the Hall process, the alumina is re- 
duced in furnaces known as “pots.”” These 
are insulated, carbon-lined steel boxes con- 
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taining a mixture of molten cryolite and 
aluminum fluoride in which the alumina is 
dissolved. Electric current, introduced 
through carbon electrodes suspended in the 
mass, dissociates the alumina into molten 
metal, which collects on the bottom of the 
pot and is then drawn off at intervals and 
cast into pigs or conveyed to holding fur- 
naces for further 

Dickens foresaw accurately that aluminum 
would be “applied to the fabrication of 
vessels and instruments of all kinds in which 
resistance to the action of the air and to the 
chemical agents is indispensable . . . for the 
decoration of interiors . for traveling 
purposes, for which its lightness is no small 
merit.” The author’s imagination and faith 
in “human wit,” as he expressed it, are all 
the more remarkable because until the Hall- 
Héroult-Bayer processes made extensive 
production possible the metal remained a 
curiosity and a luxury. Like so many other 
developments, its greatest impetus in pro- 
duction has taken place in times of war. 
The applications have been growing rapidly, 
and today the availability of aluminum and 
its alloys for civilian use, without war-time 
restrictions, has been responsible for many 
commerical developments, These are led by 
building products, followed by transporta- 
tion equipment, electrical and industrial 
equipment, and consumer goods.”* 

Probably the first architectural applica- 
tion of the metal dates back to 1884, when a 
small cast aluminum pyramid, weighing 100 
oz. and costing $225.00 for the metal and its 
manufacture, was mounted on the tip of the 
Washington Monument.™* In 1897 alumi- 
num sheets and rivets were used to cover 
the dome of the Church of San Gioacchino 
in Rome.*** The many other applications in 
the building industry, both for structural 
and finishing purposes,®!** were climaxed in 
1954 when three crews each composed of 
tive men completely enclosed the 26-story 
Tishman building in the City of New York 
in six and a half working days.” 

In the transportation field, the metal finds 
increasing uses in air, land, and sea craft.*° 
It may be of interest that more aluminum 
Campbell et al. 


had gone into the construction of the S. S. 
United States than into any other single 
structure until that time (maiden voyage 
in 1952) on land or sea.?** 

The uses in other industries are too many 
to be detailed. The metal finds application 
in the atomic energy program and in all 
types of chemical industries, as well as the 


pharmaceutical industry. 
460.461 
Among the durable consumer goods, 


aluminum is used for a list of items ranging 
from artists’ materials and equipment to 
window shades and accessories.“ Discus- 
sions of these many applications may be 
found in the sources cited above. Suffice it 
to say that today aluminum boasts some 
4000 terminal uses and tops all other non- 
ferrous metals in the volume of its pro- 
duction.**” 

Aluminum Minerals and Early History.— 
Aluminum does not occur on the earth’s 
surface in the metallic state. However, in 
combination with oxygen, fluorine, silicon, 
and other elements, it is distributed widely 
in rocks, clays, and soils. Assuming a 
thickness of 10 miles, F. W. Clarke and 
H. S. Washington had estimated the rock 
composition of the earth’s crust to be as 
follows: igneous rocks, 95%; shales, 4% ; 
sandstones, 0.75% ; limestones 0.25%. Al- 
though about 1000 different minerals are 
known, the number of those composing the 
great majority of igneous rocks (over 99% ) 
is very small; only about 12 of these are 
really important, among which are the sili- 
cates, metasilicates, 
aluminum.*** 


orthosilicates of 
Alumina is the second most 
abundant constituent of the earth’s crust 
next to silica (15.34% and 59.12%, re- 
spectively), and the element itself is listed 
third (7.51%) in the order of abundance in 
the lithosphere, hydrosphere, and atmos- 
phere after oxygen (49.52%) and silicon 
(25.75%), iron ranking fourth (4.70% ).™ 

In the tables of minerals given in Dana’s 
Textbook of Mineralogy, the statement is 
made that “aluminum is of such common 
occurrence among silicate minerals that it 
is impracticable to list all of these minerals 
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that contain it.” Among them are such 
gems as the ruby, topa:, turquoise, and 
garnet,*”> while those of industrial im- 
portance include bauxite, cryolite, alum, 
corundum, and the kaolin minerals. 

In spite of the great abundance of 
aluminum, bauxite still remains the most im- 
portant ore for the production of the puri- 
fied alumina needed as the basic material in 
the manufacture of the metal. Second in 
importance in this respect is cryolite, which 
serves as the flux. 

The physical characteristics of bauxite are 
extremely variable. Mineralogically it oc- 
curs primarily as the trihydrate (gibbsite) in 
the western hemisphere and as a monohy- 
drate (boehmite or diaspore) in other parts 
of the world. Most major deposits are 
concentrated in a zone extending about 20 
degrees on each side of the equator, but they 
extend to other areas as well. They are 
found in the Caribbean (British Guiana, 


Surinam, Jamaica, Hispaniola), Brazil, 


North and Central Africa, South Asia, in 
the Mediterranean region of Southern Eu- 


rope, and to 
States.1° 

Most of the bauxite consumed in the 
United States (89%) is used in the produc- 
tion of aluminum; some of it (6%) is used 
for the manufacture of abrasives, and the 
greater part of the remainder (3%) for the 
production of aluminum sulfate (alum) 

The only commercial source of natural 
cryolite, which originally was the chief con- 
stituent of the alumina reduction bath, is 
in Greenland. These deposits are near 
exhaustion, but methods of producing this 
compound artificially have been developed, 
so that synthetic cryolite is now used almost 
entirely for the production of aluminum.**® 

The third aluminum-bearing mineral of 
importance, which must be included in the 
present discussion, although it has nothing 
to do with the metal, is “alum.”’ In present 
common usage, “alum” refers to hydrated 
aluminum sulfate. However, in strict chemi- 
cal terminology, alum pertains to a group of 
crystalline double salts of which the most 
common are ammonium-aluminum sulfate 
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and potassium-aluminum sulfate. Apparently 
these double salts occur as _ minerals 
in nature,!? although aluminum sulfate con- 
taining some iron sulfate may be the natur- 
ally occurring mineral. The information on 
that point is not clear.*® Although the 
metal itself had so long defied isolation 
(disregarding the iegend dating back to 
Tiberius’ time that a common worker had 
succeeded in obtaining it, only to be be- 
headed for his pains, for fear that a metal 
derived from clay would replace silver ™'), 
alum has been used for about 4000 years 
and has been in great demand as a mordant 
for dyes, as a substance for the treatment of 
hides, and, in Roman times in individual 
households, as an agent for the purification 
of water. In the Middle Ages it even 
assumed political importance, for the Papacy 
established a monopoly on the sale of alum 
which it derived from a large deposit of 
trachite in Italy, thus shutting off the Turk- 
ish markets to the western countries.'” 
Among the uses of alum (or, as referred to 
by the ancient name, alumen) enumerated 
by Pliny * is that of the liquid form, which, 
in combination with honey, healed ulcers. 
As a solid, it is said to be “less astringent 
than the others, and is less useful as a check 
upon bad humors of the body.” The best 
type, obtained from the Island of Melos, was 
“injected for dysentery and employed as a 
gargle.”’ 

Derivation of the Term Aluminum.—The 
term alum, as applied to the above-described 
substance, was derived from the Latin 
alumen, meaning substance with an astrin- 
gent taste. In 1684, it was discovered that 
alum is obtained by the action of sulfuric 
acid on clay, and later opinion confirmed 
that the base of alum is a true, distinct 
earth. This gave rise to the German desig- 
nation of Tonerde (earth of clay) for what 
came later to be known as “alumina” in 
England, upon argument that, since alum 
is a sel alumineux, the proper name for the 
base is “alumine.” Much later, Sir Humph- 
rey Davy stated that had he been fortunate 
enough to isolate the metal, he would have 
given it the name “alumium,’’ which he 
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later changed to “aluminum,” to name it 
after the oxide. Later writers have adopted 
“aluminium,” which is still used in most 
countries.°°%° The spelling “aluminum” was 
adopted in 1926 by the American Chemical 
Society “in conformity with almost univer- 
sal popular usage in the United States.” ™ 


II. Chemistry. Aluminum, Its Physical 
and Chemical Characteristics, and Its 
Aralysis 


Physical Properties of Metallic Alumi- 
num.—Aluminum has an atomic number of 
13 and an atomic weight of 26.97. It has a 
density of 2.7 gm. per ml. and melts at 660.2 
C. It is a silvery white metal which is very 
ductile and malleable in the pure form. The 
pure metal is very soft and as such finds 
many uses where a high degree of malle- 
ability is required. High strength is imparted 
to the metal by appropriate alloying addi- 
tions and subsequent working or heat treat- 
ment. Copper, silicon, zinc, manganese, and 
magnesium are the most common alloying 
elements. These are added singly or in 
combination to achieve the desired properties 
for a particular application. Small quanti- 
ties of other elements are also used for 
special purposes. 

Aluminum of commercial purity contains 
small amounts of other elements, particu- 
larly iron and silicon. These metals add 
strength to the product so that commercially 
pure metal (1100 grade) is one of the most 
important alloys of commerce. 

Aluminum of the highest purity is ex- 
tremely resistant to corrosion in the atmos- 
phere, or by most chemicals. The strong, 
structural alloys are appreciably less re- 
sistant, but judicious alloying and thermal 
treatment give a high degree of resistance 
to corrosion along with adequate strength 
for a very large number of applications in 
corrosive environments. The great strength 
and the resistance to corrosion of structural 
alloys are achieved by a special type of 
application of a thin layer of pure aluminum 
upon a base alloy of great strength. 

Bright aluminum has the highest re- 
flectivity of any common metal in the visible 
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and ultraviolet regions and is exceeded only 
slightly by polished gold and silver in the 
infrared. The high reflecting properties are 
only slightly impaired by the application or 
development of a thin, protective, film of 
oxide. 

Aluminum is an excellent thermal and 
electrical conductor. 

For the practical applications of these 
physical and chemical characteristics of 
aluminum, see Chapter I on Uses. 

Analysis of Aluminum in the Metallurgic 
Aluminum Industries—The earliest signifi- 
cant work on the analysis of aluminum is 
described in “De 1’Aluminium.” Develop- 
ment of the Hall-Héroult process stimulated 
further work in the United States on the 
chemical analysis of aluminum. Chemists 
in France and Switzerland also 
provided important contributions to the 
analytical methods. 

In recent decades procedures have been 
standardized throughout the industry.® 
These methods with various modifications 
and additions have been adopted and issued 
by the American Society for Testing Ma- 
terials,!> Aluminum Research Institute,® and 
others. Prior to World War II, spectro- 
chemical methods of analysis had been 
perfected.*! By the end of the war, spectro- 
graphic methods had largely superseded 
chemical methods for production control. 

Since that time, photographic spectro- 
scopy has been largely replaced by photo- 
electric spectrochemical analysis the 
industry.®* In the laboratory of one company 
approximately 90% of the 10,000,000 to 
12,000,000 analytical determinations re- 
ported annually are carried out with photo- 
electric spectrochemical equipment of the 
Quantometer type. The elaborate instru- 
mentation required for rapid photoelectric 
spectrochemical analysis is justified only 
when large-scale operations are involved. 
Such equipment is not likely to be available 
in laboratories in which only occasional 
aluminum analyses are required or the 
work load is relatively small. Under these 
circumstances, conventional chemical meth- 
ods are necessarily employed. 
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Of all the common elements, aluminum 
is probably the most difficult to determine 
accurately, because of the interference of 
other elements which normally accompany 
it and because of the incomplete separation 
of other metals prior to its determination. 
Gravimetric methods, following separation 
by precipitation with ammonia, 8-hydroxy- 
quinoline, phosphate, and various organic 
acids in alkaline medium (precipitation with 
ammonia being the most common), have 
been proposed. These methods are used for 
minerals, metals, chemical products, and 
other materials in which aluminum 
major constituent. 

If aluminum is accompanied by titanium, 
zirconium, or other metals which precipitate 
with it, an indirect determination is ordinar- 
ily employed, based on correcting the total 
weight of precipitate after an individual 
determination of each element separated 
with aluminum. Methods for the direct 
determination of aluminum in the presence 
of other elements have been proposed but 
have not been adopted generally. 

Intermediate quantities of aluminum down 
to about 1 mg. are commonly precipitated 
with 8-hydroxyquinoline, which gives a pre- 
cipitate suitable for oven-drying or ignition 
to the oxide. The precipitate can also be 
dissolved and titrated with a standard 
bromate solution. Acidimetric titration fol- 
lowing precipitation of potassium cryolite 
is also used commonly.**! 


is a 


Trace amounts of aluminum in concen- 
trations too low to be precipitated are de- 
termined colorimetrically, and various 
reagents have been proposed for this pur- 
pose, including aluminon, hematoxylin, 
alizarin sulfonic acid, eriochrome- 
cyanine. These reagents are typical of a 
large number of lake-forming dyes, some 
of which are used in biological staining 
tests. Interference by other metals which 
form lakes under existing conditions is com- 


mon in tests of this kind, and separations 
are usually required. Aluminon is the most 


commonly used of these colorimetric 
reagents, although they are all similar in 
sensitivity and in their reactions with other 
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metals. A fluorescence test using Ponta- 
chrome blue black R is also highly sensitive 
and can be used for quantitative purposes. 

For establishing the presence (or ab- 
sence) of aluminum in virtually any type of 
material, the spectrograph offers the most 
sensitive, reliable, and general means avail- 
able. Lines at 3082, 3093, 3944, and 3962 
A. are among the most useful at low con- 
centrations of aluminum. The spectrograph 
is also useful for rapid quantitative de- 
terminations, particularly at low concentra- 
tions, if methods appropriate to the material 
under examination are applied. 

Chemistry of Aluminum Compounds in 
Relation to the Functions of the Body.— 
The physical and chemical properties of 
aluminum and its compounds help to explain 
to some extent their actions and reactions 
in the body. Aluminum is capable of com- 
bining with both acids and bases, thus form- 
ing aluminum salts and aluminates. The 
oxidation number of A! in its compounds is 
always +3. Because of this high charge, 
and the rather small size of the Al*+*+* ion, 
negative groups such as Cl~ and OH7~ ions 
are attracted strongly to it. On this account, 
aluminum chloride and aluminum hydroxide 
do not ionize readily, but behave as covalent 
compounds. The chloride, for example, is 
like the chloride of phosphorus or of carbon, 
in that it dissolves readily in organic solv- 
ents and is readily vaporized (properties 
which chlorides of typical metals such as 
sodium and calcium do not possess). The 
solubilities of these various aluminum com- 
pounds are noted in Table 1.*°! 

The following is a brief discussion of 
some compounds of aluminum which man 
is likely to take into his body from his 
environment. 

Aluminum Chloride: In the presence 
of water aluminum chloride forms a 
hydrate AICls.6H2sO (mw. 241.43) or 
[Al(H2O),¢]Cls, in which the Cl has its 
usual ionic character. The chloride also re- 
acts with water to form aluminum oxychlo- 
rides, and, with the splitting off of HCI, 
the resultant solution is acid. As such, it 
possesses astringent properties and is used 
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as an antiseptic and deodorant. Aluminum 
chloride to which a solution of sodium 
hydroxide at 25 C is being added pro- 
gressively, begins to form a_ precipitate 
| Al(OH)3;] at about pH 3; this precipitate 
ceases to form when the mixture reaches 
about pH 7, and it redissolves as further 
sodium hydroxide is added. It is uncertain 
whether metaaluminates (K or NaAlOz) 
may be present in the resolutien of the 
precipitate above pH 7 in such a system.*”* 
Double salts of aluminum chloride with 
inetal chlorides, and with various organic 
compounds (for example, ketones, esters, 
nitro compounds, amines), are known. 

Hydrated Aluminas (Aluminum Hydro- 
gels): These are precipitates of the formula 
AlxO3.nH2O, obtained by treating solutions 
of aluminum salts with OH ions. Alumina 
gel is formed by adding ammonia or alkali 
to a solution of a salt such as aluminum 
chloride. Hydrated alumina not only occurs 
in crystalline forms as definite hydroxides 
but may be obtained in a noncrystalline or 
amorphous state, as exemplified by the 
colloidal alumina hydrogel, which is spar- 
ingly soluble in water, and the so-called 
soluble hydrate in the form of an alumina 
hydrosol. Aluminum hydrogels, whether 
freshly prepared or dried, adsorb acids, 
bases, and salts from solution. It is impos- 
sible to precipitate hydrated alumina from 
solutions containing other salts without the 
occurrence of adsorption phenomena. 

Alumina hydrogel, freshly precipitated 
and washed in the cold, is readily soluble 
in acids, but with aging for some days it 
becomes sparingly soluble (associated with 
change from an amorphous to a crystalline 
state ). 

Aluminum Hydroxide: Aluminum hy- 
droxide [Al(OH m.w. 77.99] is insoluble 
in water between pH 4 and 8 to 10.5. When 
freshly precipitated, it dissolves readily in 
cold hydrochloric acid, in sulfuric acid, and 
in solutions of fixed alkali, but its solubility 
is impaired by drying. Aluminum hydroxide 
is formed as a white gelatinous precipitate 
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when Al+++ ions occur in a solution of a 
metal hydroxide, sulfide or carbonate: 

Al***+3(OH)—A1(OH)s 

The OH~ in aluminum hydroxide is so 
closely bound to the Al*+** that the repul- 
sion between the H and the Al ions liberates 
H+ in water, thus in fact producing a 
slightly acid solution: 

2 

Al**+30H =A1(OH)s=A10°:+H*+HOH 

If aluminum hydroxide is precipitated 
from a solution which contains suspended 
or dissolved matter, it adsorbs some of these 
substances and carries them down in the 
precipitate. According to a patent,® the 
hydrolysis of a solution of basic aluminum 
salts is retarded in the presence of 0.1% 
phosphoric acid or soluble phosphate. 

Aluminum hydroxide in water is assumed 
to ionize in two ways: 

The process by which aluminum hydroxide 
dissolves in alkalies is that of the removal 
of hydroxyl ions and the formation of com- 
plex anions Al(OH)3;+OH— =Al(OH),4— 
rather than of neutralizing bases by means 
of H* ions. Stated in another way, it neu- 
tralizes not by its acidity but by its affinity 
for hydroxyl ions. The hydrolysis of alu- 
minates is then affected not by the scarcity 
of H* ions from aluminic acid but by the 
incompleteness of the complex ion forma- 
tion. The first product of hydrolysis is 
alumina hydrosol (this occurs fairly rapidly, 
although no precipitation occurs in 96 
hours), which then changes to gel form and 
then to crystalline aluminum hydroxide. The 
degree of hydrolysis or potassium aluminate 
is said to be 14 times that of aluminum 
sulfate in aqueous solution.*” 

It has been noted that freshly precipitated 
Al(OH), suspended in water does not dis- 
solve during the passage of COs gas, but 
the gas is absorbed by the solid. On the 
other hand, Al(OH); is partially soluble in 
an aqueous solution of carbonic acid and is 
reprecipitated on warming or exposure to 
air, 
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Aluminum Phosphate: The Al*+*+* ion 
in solution may be expected to form a num- 
ber of phosphates: the orthophosphate 
AlPO,; primary and secondary orthophos- 
phates Al(H2PO,4)3 and Als(HPO,)s3, as 
well as some mixed combinations ; pyrophos- 
phate Aly(P2O;)3; the acid pyrophosphate 
and the metaphosphate 
Al(POs3)3. Aluminum phosphate is said to 
be insoluble, but there is some evidence that 
phosphoric acid goes into solution slowly 
(8% to 24% PO, in 34 days) and that, 
while a greater proportion of the solid 
passes into solution with increasing propor- 
tions of water to solid, the concentration 
of the aluminum phosphate in the solution 
diminishes. 

In aqueous solution aluminum phosphate 
is relatively insoluble. Between pH 3.9 to 
5.5 and 8.6 it dissolves readily in a solution 
of alum or other aluminum salts (for ex- 
ample, a solution containing 2 mols of 
aluminum sulfate dissolves 1 mol of alumi- 
num phosphate). 

Calcium hydroxide increases the solubility 
of aluminum phosphate. Calcium hydroxide 
or chloride precipitates all of the phosphoric 
acid in solution as calcium phosphate, while 
the alumina remains in solution.2% Or- 
ganic hydroxy acids tend to prevent the 
precipitation of aluminum phosphate. Hy- 
drogen sulfide precipitates aluminum phos- 
phate from an alkaline solution, while some 
of the phosphoric acid remains in solution. 
The amount of phosphoric acid passing into 
solution from an aluminum phosphate pre- 
cipitate is less as the proportion of alkali 
salt (potassium chloride or potassium sul- 
fate and sodium nitrate) in the solution 
increases. The presence of COs in the solu- 
tion has no effect upon the solubility of 
aluminum phosphate even in the presence 
of lime or magnesium. Similarlv, calcium 
carbonate has no effect upon its solubility. 

Aluminum Sulfate: Aluminum sulfate 
[Als(SO4)3.18H20, m.w. 666.40] is used 
in the preparation of some of the alums. 
It is soluble in water and is converted by 
strong and weak alkalies to Al(OH). 
Following its use as a coagulant in the 
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treatment of water supplies, some of the 
aluminum goes into solution if the pH of 
the water is lower than 5.7 or higher than 

A solution containing NagCOg3:Al(SO4)s 
does not precipitate until a molar ratio of 
3:5 is reached. When the ratio is 7.5:5, 
half of the aluminum is precipitated as 
hydroxide, and when the ratio is 12:5 all 
of the aluminum is precipitated as hydrox- 
ide. 

Sodium thiosulfate reacts with aluminum 
sulfate in cold solution: 

the latter of which decomposes: 

Acid Aluminum Sulfates: Three 
been reported: 

(HSO,) 

Basic Aluminum Sulfates: Al(OH), in 
a solution of aluminum sulfate at different 
temperatures is considered to give rise to 
Alo(OH),4 and two hydrated basic salts: 


OH 


have 


Al= (OH): 


OH 

Alums: Aluminum salts have a marked 
tendency to form double salts, as illustrated 
by the sulfate, which forms a series of salts 
of the type R’2SO4 Alo(SO4) 3'24H2O or 
R’Al(SO4)2'12H2O, where R’ represents a 
univalent radical. Allowing for the relatively 
low stability of the trivalent forms of some 
of the elements, as a rule, the greater the 
molecular weight of the univalent radical 
the greater the stability of the alum and, 
conversely, the greater the molecular weight 
of the trivalent metal the less the stability 
of the alum. Thus, sodium forms alums 
only with the lighter trivalent elements alu- 
minum, vanadium, and chromium, whereas 
the only stable potassium alums are those 
of aluminum and chromium. Ammonium 
and potassium alums have an indescribable 
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taste, for they are sour and yet sweet. Di- 
lute solutions of alum in water behave like 
solutions of the mixed sulfates ; only in con- 
centrated solutions are there signs of the 
formation of complexes. The liberated alu- 
minum sulfate in a dilute aqueous solution 
of alum should be hydrolyzed more or less 
by water as in the case of aqueous solution 
of aluminum sulfate alone, excepting as it 
may be modified, perhaps, by some protec- 
tive action of the alkali sulfate. 

Basic Alums: When an alkali is added 
gradually to an aqueous solution of alum, 
the resultant precipitate redissolves on stir- 
ring, until a certain proportion of alkali has 
been added, any further addition producing 
a permanent precipitate (called “neutral 
alum” in commerce). 

Summary.—The physical and chemical 
characteristics of aluminum may be ex- 
pressed in relation to the particular anion 
with which it is associated in a compound. 
Aluminum chloride forms oxychlorides, 
gives off hydrochloric acid, and acts as an 
astringent. In the presence of OH™~ ions 
it may precipitate as the hydroxide. In 
addition, the chloride forms salts with several 
organic compounds. The hydrated aluminas 
(AlsOgnH2O) adsorb acids, bases, and salts 
from solution. Aluminum hydroxide is in- 
soluble between pH 4 and 8 to 10.5. When 
precipitated, it adsorbs suspended and dis- 
solved substances from suspensions. Both 
the hydroxide and hydrated aluminas are 
gelatinous in nature. The Al*+*++* ion in 
solution may be expected to form a number 
of phosphates. Aluminum phosphate is rela- 
tively insoluble between pH 3.9 to 5.5 and 
8.6. This solubility is modified by the pres- 
ence of other substances in the solution; for 
example, aluminum salts and calcium hy- 
droxide increase the solubility of aluminum 
phosphate. Organic hydroxy acids tend to 
prevent, and hydrogen sulfide, to promote, 
the precipitation of aluminum phosphate, 
while neither carbon dioxide nor calcium 
carbonate exerts any effect. 

The Al+++ ion from aluminum sulfate 
is free in an aqueous solution to some ex- 
tent, when the pH is lower than 5.7 or 
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higher than 7.3. All salts of aluminum in 
solution have a marked tendency to form 
double salts, called alums. These are recog- 
nized only in concentrated solution, since 
in dilute solution the various components of 
these alums behave like individual sub- 
stances in a mixture. 

Under appropriate conditions, aluminum 
may be expected to form complex com- 
pounds with proteins (as do most of the 
other common metals). The reactions and 
solubilities of aluminum compounds may be 
expected to be modified by the range of pH 
from about 2 to 7.4 in the presence of 
enzymes, catalysts, and protective sub- 
stances which exist in the digestive tract 
and in the diet. 

Some of the physicochemical character- 
istics of aluminum and its compounds dis- 
play themselves when these are taken into 
the animal organism. However, this is 
observed only when the quantities of these 
substances ingested are far in excess of 
those likely to be taken or prescribed. The 
effects of the combination of aluminum with 
phosphate may be noted when large amounts 
of aluminum compounds are administered 
experimentally by mouth (see Chapter VI. 
Aluminum in the Digestive Tract). The 
ingestion of unusually large quantities of 
alumina and aluminum hydroxide gels has 
led occasionally to alimentary obstruction 
and to the dehydration of intestinal contents 
owing to the gelatinous and astringent prop- 
erties (see Chapter VII. The Uses of Alu- 
minum in Medicine). The characteristic of 
dilute sulfate alum solutions to behave like 
solutions of mixed sulfates manifests itself 
in a laxative effect, due to the SOy-~ ion, 
when the latter is present in the digestive 
tract in medicinal quantities (for example, 
this effect has been observed with the quan- 
tity of sulfate associated chemically with 
about 225 mg. and more of aluminum in 
sodium aluminum sulfate). 

Analysis of Aluminum in Body Tissues, 
Body Fluids, and Other Biological Mate- 
rials—Aluminum has been determined in 
biological matter by a variety of methods, 
including gravimetric measurement follow- 
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ing precipitation as the phosphate ** or 
hydroxide,**° by the use of colorimetric or 
fluorescent properties of lakes produced by 
combining aluminum with certain organic 
488 and 

The gravimetric method is suitable for 
the analysis of more than 50y of aluminum 
or for large samples of biological material, 
whereas the colorimetric methods are not 
completely satisfactory for traces of alumi- 
num because of various interferences by 
many metals and ions. The organic reagents 
that have been employed to produce lakes 
with aluminum include alizarin red S,3*° 
8-hydroxyquinoline,*?!™ hematoxylin,?"° eri- 
ochromecyanine,**’ and aluminon (ammo- 
nium aurintricarboxylate ) but 
no one of these reagents has such a marked 
superiority as to be preferred above the 
others. Certain colorimetric methods are 
very sensitive, but the wide distribution of 
aluminum makes it difficult to obtain rea- 
gents free from it or other interfering ions, 
and therefore the results of quantitative de- 
terminations of traces of aluminum by chem- 
ical procedures are always open to question. 

The fluorimei nethod employing 
morin **§ or Pontachru.ne blue black R ** is 
very sensitive (0.5y Al/50 ml.), provided 
traces of iron, copper, and cobalt are com- 
pletely removed (mercury cathode method) 
and the concentrations of titanium 
vanadium are below limited values. The 
difficulties generally associated with the 
lakes produced in the colorimetric proce- 
dures are also encountered in the fluorescent 
procedure. 


and 


The most specific and sensitive analytic 
methods for traces of aluminum make use 
of the spectrographic Ma- 
nipulations and chemical treatment are gen- 
erally at a minimum in this method, and 
therefore the possibility of contamination is 


greatly reduced. Graphite electrodes can 
generally be obtained free from aluminum, 
and the method gives reliable results when it 
is used with an understanding of the precau- 
tions that must be taken to avoid contamina- 
tion of the sample. Concentrations as low 
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as 0.05 ppm have been determined reliably 
by its application to the analysis of biologi- 
cal material.*® 

A polarographic method has been based 
on the measurement of the polarographic 
step produced by the reduction of Ponta- 
chrome violet S. W. (the sodium salt 
of 5-sulfo-2-hydroxy-a-benzene-azo-2-naph- 
thol).*°" This reagent in an acetate buffer 
produces a polarographic wave at —0.3 volt 
versus the calomel electrode, but in the pres- 
ence of aluminum the step is reduced in 
height and a second step, proportional in 
length to the concentration of aluminum, 
appears at —0.5 volt. As with the other 
colored lakes used in the chemical method, 
many metals and ions interfere, and so 
reagents must be free of these ions as well 
as of aluminum. The results of analyses 
can be reproduced well when applied to 
known concentrations of aluminum; how- 
ever, this method has not been applied to 
the analysis of biological materials. 


III. Occurrence of Aluminum in the 
Normal Environment 


Aluminum is the most widely distributed 
metallic element in the earth’s crust (see 
Chapter 1). It is concentrated there almost 
entirely in the lithosphere, the highest con- 
tent being found in the uppermost parts.**7 

Aluminum in Soil.—Soils are constituted 
of varying proportions of organic and min- 
eral materials, ranging from virtually 100% 
of mineral matter in selected sandy soils to 
more than 95% of organic matter in certain 
peat soils. Most upland soils contain at least 
95% of mineral materials by weight. The 
bulk of the inorganic material is composed 
of oxygen, silicon, aluminum, and iron in 
proportions comparable to those which ob- 
tain in the earth’s crust (see page 363) .7% 

Aluminum occurs in undecomposed rock 
fragments, in secondary aluminosilicate 
clays, as solid or hydrosol hydrated oxides, 
as phosphates, and in ionic form. The origin 
of aluminum in soils may be attributed to 
decomposition initiated by mechanical sub- 
division of rock fragments and to the action 
of colloidal clays and organic matter where- 
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by cations are removed. Carbon dioxide 
and organic acids have generally been re- 
garded as important agents in the process.**" 

Aluminum in combination is the 
soluble of the major elements of the soil. 
Its solubility is affected by the presence of 
other ions, among which the hydrogen ion 
is of greatest importance,” the phosphate 
ion ranking next. Only the very acid soils 
can dissolve significant quantities of alumi- 
num hydroxide (presumably at and below 
pH 5). However, the solubility at a given 
pH is not the only factor, for in the presence 
of complex forms of organic matter in the 
soil much aluminum is probably held in solu- 
tion at hydrogen ion concentrations that 
vould completely precipitate pure aluminum 
hydroxide in the laboratory.?% 

Knowledge as to the form in which alu- 
minum ions exist in soil is not precise. It is 
believed that Al*+*+* ions appear only at 
very low pH values and that normally alu- 
minosilicate and aluminohydroxyl ions, 
Al(OH)++, are the chief ionic forms of 
aluminum in solution in the soil.*°? More 
recent investigations of a certain podsol soil 
showed 90% of the soluble aluminum to 
be present as oxyaluminum ions, AlsO,sH*, 
the remainder being referred to as colloidal 
alumina and Al+ + +,168,221 

The concentrations of aluminum as they 
may occur in various soils of the United 
States are given in Table 2. 

In lateritic soils, which represent the end- 
product of the soil-leaching processes, alu- 
minum is one of the main constituents. 
Concentrations of aluminum as high as 
37.1% (200,000 ppm expressed as Al) have 
been 

Aluminum in the Atmosphere.—Analyses 
of aluminum are not always included in 
surveys of atmospheric pollution, because 
its presence in air-borne particulate matter 
may, to a certain extent, be taken for 
granted as a consequence of its occurrence 
in soil. Some recently reported data are 
given in Table 3, in order to give some 
general comparison of the concentrations of 
aluminum with certain other metallic con- 
stituents in the atmosphere of various cities. 
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These data are not representative of the 
average concentrations of aluminum in the 
atmosphere generally inhaled by man, be- 
cause of a number of factors. The amount 
of dust present in the air may vary greatly 
(a) depending upon meteorological condi- 
tions as well as the extent and nature of 
vehicular traffic; (b) with the location of 
the sampling site, whether it is on a paved 
street in a city or in a rural area; (c) with 
the type of samples, whether they represent 
settled dust, in which case the large and 
therefore irrespirable particles are collected, 
or whether they represent only that portion 
of the suspended matter which has physio- 
logic significance. 

In areas where coal is burned, the con- 
centration of aluminum in the air may be 
high. In a recent investigation,” analyses 
of the ash of coal disclosed the presence of 
concentrations of alumina ranging from 
a minimum of 5.3% (Al 28,042 ppm) to 
a maximum of 52.3% (Al 276,719 ppm). 
Among the other constituents, only silica 
exceeded alumina throughout. Mention is 
made of the fact that, in the analysis of 
the coal and its ash, some of the aluminum 
may be volatilized in the ashing process. 

Aluminum in Vegetation—In 1845 Will 
and Fresenius cast some doubt on the pres- 
ence of aluminum in the ash of all plants 
and pointed to the probability of the external 
contamination of the plants with dust, in 
respect to the high values reported by earlier 
investigators.*”’ It is now established that 
aluminum occurs in the ash of all plants, 
ranging from mere traces to considerable 
The concentrations of 
aluminum found in most plants, including 
the edible varieties, are generally very low. 
The latter are discussed in Chapter V, and 
the concentrations reported by the various 
investigators are listed in Table 6. On the 
basis of the most reliable data available, the 
mean content of aluminum is estimated to be 
about 0.02% (200 ppm in the dry matter) 
in herbaceous vegetation, the mean value be- 
ing 0.002% in the woody part.?#1:378 Certain 
species, however, accumulate much higher 
concentrations of aluminum.??* 


Plants are 
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considered to be “accumulators” when the 
concentration of aluminum ions equals or 
surpasses 1000 ppm in their dried leaves, in 
contrast to a more usual content of less than 
300 ppm.*® The most remarkable cases are 
found in the Proteaceous tree, Orites excelsa 
R. Br.; in various Theaceae (the tea fam- 
ily) ; in most Melastomaceae (woody green- 
house plants growing naturally in Australia 
and tropical Asia); in the Euphorbiaceous 
genera, Baccaurea and Aporosa (cactus-like 
plants found chiefly in South Africa); in 
hickory, Hicoria ovata; in the whole family 
Diapensiaceae (small evergreens), and in 
Symplocos (among them plants having 
medicinal Very recently 
massive deposits of aluminum succinate were 
found in the heartwood of a log of Card- 
wellis sublimus F. Muell. (Proteaceae) 
commonly known as northern silky oak, in 
Queensland, Australia. The alumina content 
of the dried material was 40.9% (Al 216,402 
ppm). No other metals were identified, nor 
were there organic acids other than succinic 
acids.483 A survey in Australia and New 
Guinea has revealed aluminum deposits in 
the bark and leaves, as well as in the timber, 
of about 80 species (dicotyledons and Fili- 
cales). These accumulators were confined 
to leached acid soils in areas of compara- 
tively high rainfall. The redeposition of alu- 
minum in litter from these plants may be 
an important factor.*5* This agrees with an 
earlier observation that hydrophytes and 
hydrophiles are noted for their high alumi- 
num content.*?° In a comprehensive survey 
made at the Kew Botanical Gardens concen- 
trations of aluminum as high as 29,300 ppm 
in dry material (using the “aluminon” test) 
were found in cryptogams. This work was 
stimulated by the recognition that the use 
of certain plants as mordants for dyes was 
based upon the concentrations of aluminum 
in their tissues. In addition to these prop- 
erties, the following indicate an accumulator 
species: the presence of a characteristic 
yellowish-green color of the leaves, the pres- 
ence of pH-sensitive anthocyanin pigments 
which respond to concentrations of alumi- 
num by the change in the color of the 
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flower, as in the hydrangea, and the presence 
of bright blue fruit. 

As to distribution within the plant, it is 
generally concluded that, especially in species 
growing in very acid soil, there is a gradient 
in the aluminum content, the concentration 
falling off from the root to the leaf.?* 
More commonly, however, the concentration 
of aluminum, as of other ash constituents, 
is often greater in the leaf than in the 
stem.?.41! The higher accumulation of alu- 
minum in green leaves as compared with 
the interior, or blanched, leaves has been 
associated with the chlorophyll content.** 
The form in which the aluminum is com- 
bined in the plant has been thought to be (a) 
an arabate in the case of the lacquer tree °°; 
(b) a succinate in the center of a silky oak 
tree, as mentioned above #1482483; (¢) a 
malate in the sap of the latter *!*; (d) an 
acetate in the sap of the birch **; (¢) a 
phosphate in the case of unspecified plant 
ash *#°; (f) an oxalate in the case of tea 
leaves, which together with calcium forms 
a mineral similar to vevelite,*4? and (g) in 
the case of plants such as the hydrangea, an 
aluminum complex of delphinidine digly- 
coside.*® While, generally, in earlier analyti- 
cal data, the presence of aluminum was 
expressed in terms of the oxide, phosphate, 
or sulfate, more recent and current results 
are given as the ion concentration. 

The soil is composed of many chemical 
compounds, a number of which are essential 
for the growth of plants. Most of them, 
however, even those belonging to the latter 
group, are injurious to plants when their 
concentrations within the soil exceed a cer- 
tain range.?®* The role of aluminum as an 
essential element for the growth of plants is 
not completely known. Some workers have 
considered it to be necessary for the best 
development of plants, such as corn, for 
the setting of seed,?*°*!® and it has been 
regarded as important for the uptake of 
water by plants, although the latter has not 
been substantiated.**!. It has been said to 
be beneficial not only to the roots but also 
to the tops of citrus seedlings 1? and to be 
capable of protecting citrus cuttings from 
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damage induced by excess of copper.*** Tea 
bushes have been reported to develop better 
with adequate quantities of available alumi- 
num.**-441_ Tn recent analyses, concentrations 
of aluminum in tea leaves from Ceylon, 
Tanganyika, and Kenya ranged from less 
than 100 ppm to more than 17,000 ppm 
(dry basis), depending upon the age of the 
leaf. The greater part of the storage takes 
place during the seven months following 
maturity. In the flush (the commercial part 
of the plant), the aluminum content of the 
bud is about 50 ppm, and of the mature leaf, 
as much as 1500 ppm. A well-plucked flush 
most commonly contains between 150 and 
250 ppm. Some plants, such as Vaccinium, 
Rhododendron and several species of Ficus 
(the fig family), and blueberries, as well as 
ferns and club mosses, to mention only a 
few, require aluminum for normal growth. 
187,501 However, no deficiency diseases due 
to lack of it are known. 

A great deal of work has been done on 
the growth of plants when aluminum is in 
solution in soil in relatively high concentra- 
tions. This matter was reviewed thoroughly 
by Hutchinson in 1943.27° It now appears 
that acid soils are unsuitable for some plants 
because of their acidity but that, in other 
cases, an increasing concentration of hydro- 
lyzate-oxidate elements may exert an inhibi- 
tory influence upon their growth. 

There is much variation among plants 
with respect to the concentrations of alumi- 
num, in the soil or other media, required to 
induce harmful effects. There is also a great 
difference between solution cultures and pot 
cultures, containing equivalent concentra- 
tions of soluble aluminum, as media for the 
demonstration of the effects of aluminum 
upon the growth and development of plants. 
The form in which aluminum is present in 
the soil solution is also of great impor- 
tance.” 

The treatment of soil with either phos- 
phate or lime may modify the activity of 
aluminum by. fixing the aluminum as the 
relatively insoluble aluminum phosphate, 
particularly in the roots, on the one hand, 
or by increasing the pH, and thereby de- 


Campbell et al. 


creasing the solubility of the aluminum, on 
the other.?*! 

Aluminum in Waters.— In comparison 
with the abundance of aluminum in the 
earth's crust, the concentrations found in 
most waters are negligible. The explanation 
for this is that the aluminum compounds 
that occur in water are soon frecipitated 
from solution or adsorbed on sediments, so 
that only traces or relatively small quantities 
remain in solution. For this reason, the 
aluminum content of streams and other 
water supplies is seldom determined, unless 
the streams are known to be polluted with 
acid wastes or to have received acid drainage 
suspected of carrying considerable quantities 
of aluminum from mines.*** This is shown 
clearly in data relating te the Raccoon Creek 
basin in Ohio, where the raw water is fre- 
quently acid. When the pH of the water 
exceeded 5.5, the highest concentration of 
aluminum found was 0.5 ppm, whereas 
lower levels of pH were accompanied by 
concentrations as high as 29 ppm.?® 

Some waters, particularly those in vol- 
canic districts, may contain extremely high 
concentrations of aluminum. The clear, 
yellow, very acid water of a hot lake on 
White Island in the Bay of Plenty, New 
Zealand, was found to have 0.3546% of 
aluminum sulfate (Al about 560 ppm), and 
a thermal spring at Paramo de Ruiz, New 
Granada, contained alumina in the concen- 
tration of 1660 ppm (Al 878.31 ppm). Salt 
deposited on the shores of Lake Djouvan- 
Tubé, Akmolink Province, Russia, was said 
to contain 13.27% of aluminum sulfate (Al 
about 20,940 ppm) 

In a recent publication, analysis of the dry 
mud of a thermal spring in Messina showed, 
among other constituents, 14.22% of alu- 
mina (Al 75,240 ppm); the water-soluble 
components found included 0,0017% of alu- 
mina. Langworthy and Austen ?® had 
compiled reports of nearly 500 determina- 
tions of aluminum in natural waters in dif- 
ferent parts of the world, including the 
so-called alum springs. Some of these have 
been included in Tables 4 and 5. 
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The accuracy of the earlier analyses is, of 
course, open to question. However, the data 
give an indication of relative values. 

Ocean Waters: Sea waters contain rela- 
tively low concentrations of aluminum. 
Monthly determinations (colorimetric meth- 
od using oxine) for over a year at different 
depths in the northeast Pacific Ocean yielded 
a range of concentrations averaging 0.54 
ppm.’ In recent investigations (involv- 
ing the use of the new fluorimetric 
reagent, Pontachrome blue black R) samples 
of open ocean water, collected on a voyage 
from Baytown, Texas, to Halifax, Nova 
Scotia, contained quantities of aluminum 
ranging from 0 to 0.010 ppm and averaging 
0.0025 ppm.*"* Analyses of the water of the 
Sea of Japan yielded from 0.315 to 0.360 
ppm (+5%, as determined colorimetric- 
ally) 7°; 0.288 ppm was found in the sea 
water at Suma near Kobe city, and 0.009 
ppm was found at Shirahama, Kii Penin- 
sula (on the Pacific Ocean side of Japan) 
by the use of a polarographic method.?** 
The suspended matter in sea water from 
the English Channel is reported to have 
contained (in the ignited residue) from 
1% to 20% of alumina.”® 

Public Water Supplies: Few data are 
available on the levels of aluminum in public 
water supplies, because it is presumed that 
aluminum would not be present in signifi- 
cant concentrations following proper treat- 
ment of the water." Since whatever is 
known on the levels of aluminum in these 
waters is of direct interest in relation to 
the amounts that may be ingested by man, 
the available data are included in Table 7. 

Summary.—Aluminum constitutes about 
8% of the earth’s crust and is the most 
abundant metallic element, ranking third 
among all elements after oxygen and silicon. 

Although aluminum does not exist natur- 
ally in the metallic state, it is present in 
most minerals. It is found in all types of 
soil, varying from low to extremely high 
concentrations. As a consequence, aluminum 
is contained in all air-borne dusts. 

Except for the so-called “accumulator” 
plants, most plants absorb aluminum from 
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the soil only to a limited degree. Further- 
more, aside from the “accumulators,” and 
a few other exceptions, aluminum does not 
seem to be required for growth or for any 
other vital function, nor are there known 
any deficiency diseases due to the lack of 
this element. However, all vegetation con- 
tains some aluminum, although in most 
plants the concentrations are of a relatively 
low order of magnitude. 

In natural waters, aluminum compounds 
which may occur normally in solution are 
precipitated rapidly together with suspended 
matter. For this reason, relatively low con- 
centrations are generally present in rivers, 
lakes, oceans, and most ground waters. 
There exist, however, acid springs, and sur- 
face waters that carry acid drainage from 
mines, which may contain relatively high 
levels of aluminum in solution. According 
to some early analytical data, the so-called 
alum springs snow levels up te 7500 ppm, 
in contrast to less than 1 ppm in the greater 
majority of natural waters. 


IV. Aluminum and Food 


Among the many predictions made by 
Dickens in 1856, long before the production 
of aluminum had reached the point that 
would permit the average housewife to own 
a single article made of the new metal, was 
that of its use for cooking utensils. While 
Dickens’ prediction of the almost exclusive 
use of aluminum in the home has not come 
true, the growing popularity of utensils 
made of this metal has been evident from the 
time they came into general use, around 
1890.4" The many advantages of aluminum 
for this use are well recognized. The chief 
of these lie in its high and even conductivity 
of heat, attractive appearance, light weight 
combined with strength and durability, ease 
of cleaning, and resistance to corrosion. 

Food in contact with any metal or any 
surface will be affected by it to varying 
degrees, and, conversely, the food itself may 
affect the metal or surface. As will be shown 
later, the amounts of aluminum dissolved by 
food are minute, and its effect on the food 
itself, in contrast to certain other metals, is 
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negligible, since most of its salts are color- 
less and (in the concentrations in which they 
may occur) tasteless, and do not affect the 
nutritive qualities. These same properties 
have been responsible for the growing use 
of aluminum foil in the home, especially in 
the preparation of meats for the table. 

seyond its uses in the home, the metal has 
found increasing application in the food 
processing, pharmaceutical, and cosmetic 
industries. In fact, in these industries proc- 
essing and handling equipment made of alu- 
minum is used extensively. The advantages, 
in addition to those mentioned earlier, are 
that it is nonadsorptive and splinter-proof 
and that it can be cleaned with steam. Its 
high thermal conductivity also results in 
economies when containers or conveyors 
must be moved in and out of heated or re- 
frigerated 

Suitability and Uses of Aluminum in 
Food Processing.—There can be no better 
assurance for a person using any product 
in his own home than the knowledge that it 
has been tested, not only under ordinary 
but also under a variety of extreme condi- 
tions, and that it has been found suitable 
under these conditions. In the home, the 
housewife, when selecting and using a uten- 
sil, is concerned as to its advantages or dis- 
advantages in relation to a small group, 
principally her family. In the food 
beverage processing industries, the concern 
of the manufacturers extends to all pur- 
chasers of their products. 

Modern man has departed far from a 
former way of life in which he produced 
and stored or preserved most of the food 
he consumed. The growing trend toward 
urbanization and dependence on processed 
foods has resulted in extensive search within 
the food industries to find the best and most 
economical materials for the preservation 
of foods in a manner that will retain their 
taste and nutritive qualities and meet the 
standards of government agencies. The 
growth of this industry is clearly evident 
from the rise in the consumption of canned 
foods alone in the United States from 
1,500,000,000 cans, or about 20 cans per 


Campbell et al. 


and 


person in 1900, to 23,000,000,000, or about 
145 cans per person in 1955, more than 
half of that increase having occurred since 
1935.*% Among the per capita figures for 
1953 of food products consumed in the 
United States, as compiled by the Depart- 
ment of Agriculture,**” about 875 Ib. repre- 
sented foods that had been subjected to 
some sort of processing in flour mills, 
daines, or other food processing plants. This 
does not include fresh meats, fish, fruits, and 
vegetables, all of which are handled exten- 
sively before they reach the consumer. 
From the time that the “art” of canning 
was discovered in 1809 by Nicholas Appert, 
a Parisian confectioner who won the prize 
offered by the French Directory for a new, 
successful method of preserving foods to 
supply French armies,’® the metal industries 
also have sought to develop alloys and pro- 
tective coatings that would resist attack by 
the complicated mixtures of chemical com- 
pounds, of either more or less neutral or acid 
reaction, which occur in the food we eat. 
The cooking utensils used in the home 
differ greatly in their construction from the 
vats and kettles used in the processing in- 
dustries. The first are relatively simple 
structures, shaped of one piece (or two, 
including the lid), whereas the latter may 
be complicated by valves, pipes, and other 
apparatus, the construction of which re- 
quires the combined technical knowledge and 
skill of those concerned with the processing 
of the food as well as of those engaged in 
fabricating the metal, so that not only the 
proper alloys will be used but also the pos- 
sibilitiés of galvanic and chemical corrosion 
may be avoided. The prevention of corro- 
sion is very important in industry, where the 
durability of equipment, as well as its ten- 
dency to transfer metals into the substance 
being processed, must be 
‘rom the time aluminum became available 
in commercial quantities, investigations seek- 
ing to determine its reactions with sub- 
stances with which it might come in contact 
began to be made. Guided by its many tech- 
nical investigations, which continue to im- 
prove the quality of the metal and its alloys, 
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as well as experience in the field, the alumi- 
num industry learned that not all aluminum 
alloys are satisfactory ior use in food 
processing industries and that aluminum is 
not suitable for all types of equipment or 
under all conditions of service. Alloys that 
contain controlled amounts of manganese or 
silicon and magnesium give good service 
generally, as does commercially pure alumi- 
num. Alloys of higher strength, clad with 
either pure aluminum or with an alloy highly 
resistant to corrosion, may also be used 
where superior mechanical properties are 
required.*:?74 

The concentrations of aluminum which 
may be transferred into foods from metallic 
surfaces will be discussed later. For the 
most part, the tests, particularly those em- 
ployed early, have been carried out by im- 
mersing strips of the metal in the various 
substances (foods and beverages, or the 
acids that may be contained in them) at 
various temperatures and for various periods 
of time. Alkali and salt solutions, which are 
known to attack all metals, have been used 
extensively. These tests yield no valid in- 
formation as to the actual amounts of 
aluminum that may be ingested with foods 
cooked in actual utensils, but they have been 
valuable in contributing knowledge as to the 
suitability of the metal for various proc- 
esses, in spite of the fact that the quality 
of the metal used during the earlier years 
was relatively poor. 

The extensive literature up to 1946 on 
corrosion, the reactions of the metal with 
foods, beverages, and other chemicals, the 
effects of cleaning agents, and the develop- 
ment of protective coatings, has been re- 
viewed thoroughly by J. M. Bryan for the 
Food Investigation Board of the Department 
of Scientific and Industrial Research of 
Great Britain.® 

It became evident very early in the history 
of the use of aluminum that the resistance 
of this metal to corrosion is due to the 
formation of a protective film on its surface. 
This film was found to be oxide or hydrox- 
ide.**°° Under certain conditions this film 
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is broken down, whereupon further action 
of the attacking solution may cause corro- 
sion.*© The term “corrosion” means the 
chemical or the electrochemical reaction of a 
metal in the environment in which it is 
placed. In the case of aluminum, the prod- 
ucts formed in the pH range from 4 to 9 
are again mainly aluminum oxides or their 
hydrates. 

Among factors that may have given rise 
to concern, the mechanism of the stain that 
sometimes develops on aluminum utensils 
has been the subject of considerable study 
and The stain has 
no significance in terms of the contamina- 
tion of the article being cooked, stored, or 
conveyed,’ and it can be removed by 
acidulating water with vinegar or acetic acid 
and boiling it in the utensil.* 

Suitability for Conveying or Storage of 
Water: As might be expected, many in- 
vestigations have been published on the 
effects of water on aluminum. Probably the 
earliest of these were begun in 1891 °° at 
the request of the Prussian war office, which 
was considering the use of aluminum for 
soldiers’ water bottles and cooking utensils. 
No change in the taste of the water kept in 
these containers for long periods of time was 
observed after hundreds of tests, even 
though white spots formed on the walls of 
the vessel and the water became somewhat 
turbid. Distilled water had no effect even at 
high temperatures.116.30,319,353 For this rea- 
son aluminum is used extensively in distilla- 
tion plants for condensing coils, pipe lines, 
and storage tanks.*:8*8° The quality of the 
metal in the earlier tests can only be sur- 
mised. In certain tests made later,*** the 
purest grade available at that time (1935) 
was used: 99.26% (0.53% iron, 0.03% cop- 
per, 0.16% silicon). The present metal, on 
the other hand, reaches a purity of 99.99%." 

The action of urban and industrial waters 
on aluminum and its alloys is generally 
small. Soft waters are more corrosive than 
hard, because protective coatings are more 
readily formed on the metal with the lat- 
ter. However, the nature of the water 
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and its dissolved mineral constituents may 
affect corrosion: Nearly neutral tap waters, 
low in chlorides and dissolved metal salts, 
exert little effect generally, while contamina- 
tion by heavy metal salts, particularly iron 
and copper at a pH below 6.0 or above 8.0, 
may greatly accelerate the rate of corro- 
sion *-55.277,354 and cause localized pitting. 
The effects of dissolved oxygen and carbon 
dioxide have also been 
312,449 Recent developments in protective 
coatings have greatly increased the resistance 
of aluminum to corrosion by weak alkalies 
and chloride ions that may occur in water.’™ 
When potable water is boiled in utensils, the 
protective film that forms prevents further 
corrosion under the same 
449,498,499 Aluminum and its alloys are not 
attacked by ice; hence it is used extensively 
in refrigeration and in ice plants. 
Suitability in Respect to Fruits and Fruit 
Juices: In general, cold fruit juices have 
but little effect on aluminum which, there- 
fore, may be used in contact with practically 
all types of fruit products.*? Hot and 
especially boiling citrus juices, however, do 
attack it severely.5° 321,351 Sugar added to 
fruit juices inhibits corrosion,**®.*5! and the 
successful use of aluminum boiling pans for 
the manufacture of jams and jellies is at- 
tributable mainly to this fact. On the whole, 
corrosion by fruit and berry juices is rela- 
tively slow; some fruits, such as cherry and 
blackberry, which seem to form a protective 
film on the metal, exert a negligible effect.© 
The extent to which the juices react with 
aluminum depends also on their dilution, 
the more dilute juices having a more pro- 
nounced effect.*®* The differences in the rate 
of attack by individual juices cannot be 
attributed to differences in pH or to their 
total acidity or to their content of pectin 
and soluble solids.* The presence of sodium 
chloride increases corrosion.!°*4 Certain 
fruit colors are reduced by long standing in 
aluminum vessels in the absence of air, but 
the color may sometimes be restored by 
exposure to air.* For practical purposes, 
in home processing, there are few problems. 
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Generally, fruit juices are not boiled alone ; 
when sugar or starch is added, as will 
usually be the case, the protective effect will 
be exerted, 

Suitability in Respect to the Manufacture 
of Sugars: Although net much information 
is available on the use of the metal in the 
processing of sugar, extensive tests made in 
Canada have led to the recommendation that 
boilers and evaporators for processing maple 
sap for syrup and sugar be made of alu- 
minum.** 

Suitability for the Processing of Vege- 
tables: The corrosion of aluminum by vege- 
tables is negligible, unless the vegetables 
contain free acids or have been rendered 
alkaline with sodium bicarbonate.***” The 
addition of salt may also increase the action 
if the foods are allowed to remain in the 
vessel for long periods of time.!7-1%1% Even 
so, one investigator '4* found that sauerkraut 
had less action on aluminum than on certain 
other metals commonly used for utensils. 
The extent of the attack on aluminum by 
tomato juice compared well with that on 
Monel metal or nickel when the tempera- 
tures did not exceed 200 F.; in boiling 
tomato catsup and juice, aluminum was 
somewhat less resistant than the other two 
but more resistant than a number of other 
metals.26* Of the metals tested, smaller 
amounts of aluminum than of most of the 
other metals dissolved into the product at the 
temperatures associated with cooking or 
pasteurizing.™8 

Suitability for the Storage of Vinegar and 
Pickling Processes: While aluminum vessels 
are suitable for the storage of vinegar and 
unfermented apple juice, they cannot be 
recommended for the manufacture of pickles 
and sauces, since the presence of salt may 
intensify the action of the acid.** This 
applies to other metals as well,?°* and cook- 
books commonly recommend that no metal 
containers be used for home pickling.*** 

Suitability for Fermentation Processes: 
Aluminum is immune to attack by alcoho!, 
provided the latter contains a small amount 
of water and is free from impurities, such 
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as tannin, traces of acids or alkalies, and 
heavy metals.*°* The metal must not be in 
electrical contact with copper. Anodic treat- 
ment of the metal (to provide a protective 
film of oxide) is recommended, and fermen- 
tation vats so treated have proved satis- 
factory for the manufacture of alcohol from 
molasses, there being no detrimental effect 
on the color of the product or on the stability 
of the yeast.?#°*4® Aluminum and its alloys 
have been used only to a limited extent in 
the wine industry. Chemically oxidized 
“Aluman” was recently found to be the 
most suitable alloy for transporting and 
storing wines '**; however, aluminum con- 
tainers have not been recommended, thus 
far, for storing wines. 

The use of aluminum in breweries began 
about 1908, with the construction of fermen- 
tation vessels.'®* Subsequent tests and ap- 
plications have shown it to be particularly 
well suited for many other items, such as 
wort coolers, brew kettles, storage tanks, 
and beer barrels.* Aluminum pipes for 
carrying beer have many advantages over 
tin or tinned copper pipes, and they have 
been admitted in the German regulations as 
harmless for this purpose for more than 20 
years.*** This metal produces no turbidity 
or haze, has no effect on the taste or odor 
of beer, and does not bring about any 
deterioration in the vitality of yeasts.” 

Suitability for the Processing of Meats 
and Fish: Numerous investigations have 
shown that aluminum is practically free 
from attack by meats 7*°:3°4°3 and that it 
does not bring about the objectionable dark 
discoloration imparted by certain other 
metals. Since the fat in meat acts as a 
protective agent, probably by forming a thin 
coating on the surface of the metal, the 
presence of salt, which otherwise attacks 
aluminum, has no effect. In the meat 
packing industry, aluminum and its alloys 
are used for steam-jacketed pans, ham 
cookers, and other items of equipment. 

The same practices obtain in the packing 
of fish and other seafood products. One of 
the new uses of aluminum applies to fishing 
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boats, where its high thermai conductivity, 
which expedites the freezing of the catches, 
and its ease in cleaning are responsible for 
greater profits to fishermen, since they can 
thus stay at sea longer.?"* 

Suitability for the Manufacture of Gela- 
tin: Several metals were tested in 1924 to 
find a suitable material for the manufacture 
of gelatin. Aluminum bronze and pure 
aluminum were found to be best.2 They 
are used extensively for the construction of 
cookers, vacuum evaporators, pans, vats, 
cooling coils, and other equipment.* 

Suitability for the Processing and Storing 
of Fats and Oils: The resistance of 
aluminum to attack by fatty acids has re- 
sulted in the wide application of the metal 
in the processing and storing of fats and 
edible oils.* Unlike certain other metals, it 
does not catalyze the oxidation of fats, 
which promotes rancidity in lard and vege- 
table nor does it cause dis- 
coloration. The lack of attack by fats and 
fatty acids was observed early in the history 
of aluminum, and the use of the metal for 
the construction of equipment and for con- 
tainers for the transport of fatty foods and 
preserved meats was recommended as early 
as 1895,116 

Suitability for Processing Dairy Prod- 
ucts: Aluminum has had wide use in the 
dairy industry. The results of many tests 
fully justify the conclusion that this metal 
is highly resistant to the action of fresh 
milk in the cold 14%,28.219.258 and at pasteuriz- 
ing or boiling temperatures '®3% ; also, free 
access of air does not promote corrosion.!"! 
No effect on the color, odor, and flavor of 
milk has been 
Strongly soured skim milk, semisolid sour 
buttermilk, and sour rennet whey attack 
aluminum,*"* especially at high tempera- 
tures."'7 Moderately sour milk products, 
such as sour cream and buttermilk, induce 
either no corrosion or only slight corrosion 
within the period of five days.?!%56.479 On 
the whole, the attack on aluminum by acid 
milk products is less intense than would 
be expected, considering their lactic acid 
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content. This is explained by the protective 
influence of the nonacid constituents.7"” As 
early as 1919, the suitability of aluminum 
for the production, storage, transportation, 
and processing of milk products was be- 
lieved to be unlimited.46* In Great Britain, 
Switzerland, and Denmark aluminum dairy 
farm equipment has been used for over 20 
‘years. This has included pasteurizing equ‘p- 
ment, coolers, churns, vats, storage tanks, 
milk containers, piping, strainers, and stir- 
rers, as well as the tanks of trucks used for 
the transport of milk. Aluminum milking 
machines have been in service in Great 
Britain since 1928, and aluminum milk bot- 
tles, recommended in 1921,!”° are used on the 
continent.*** Equipment made of this metal 
is also used in the preparation of evaporated 
and powdered milk and ice cream, for 
processing and storing cottage cheese, and 
in butter-making equipment, handling in 
some cases a butter containing up to 8% 
of salt.“ Forms suitable for pressing round 
and brick cheese have been known to give 
good service without deformation for over 
two years.*!* In India, aluminum containers 
were found to be the best for the storage of 
ghee.**8 

Suitability for Processing Tea and Cof- 
fee: Except for early tests,?%*:39.377 very 
little information is available on the effects 
of tea, coffee, and cocoa in contact with 
aluminum. Bleyer ** found that hot tea and 
coffee (made with Munich water), after the 
initial attack, had no greater action on 
aluminum than on other metals in common 
use. In fact, after one hour of contact, the 
rate of corrosion dropped below that of iron 
and tin. In one test, tea, coffee, or cocoa, 
when boiled for half an hour, or allowed to 
stand for four days at room temperature in 
contact with Duralumin, caused no more 
effect on the alloy than did ordinary tap 
water.'** Tea was said to be darkened some- 
times when made with water boiled in 
aluminum kettles, which suggested a colloidal 
change in the tannin to one investigator,’ 
while another,® observing that the effect was 
especially pronounced when water was boiled 
in new kettles, believed it to be due to 
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particles of iron left on the surface of the 
vessel by tools used in its shaping. The 
effect was no longer observed after the 
kettles had been used for some time. 
Miscellaneous Uses: The world’s first all- 
metal flour mill, in which aluminum was 
used extensively, was installed in 1953 at 
Duffield, Yorkshire.'®?:442 In France also, a 
similar application resulted in the replace- 
ment of wooden gravity conveyors by tu- 
bular ducts of an aluminum-magnesium 
alloy." Investigations carried out by the 
U. S. Department of Agriculture on the use 
of sheet aluminum alloys in grain bins and 
the effect on them of various liquid fumi- 
gants, led to the conclusion that most of the 
alloys tested could be used in properly sealed 
and calked bins for the storage of grain.!** 
Suitable Detergents for Aluminum Equip- 
ment.—The importance of using suitable 
detergents for cleaning equipment employed 
in processing food and beverages has been 
stressed frequently and is reemphasized by 
Bryan.’ Cleansers of strongly alkaline 
nature should not be used. The addition of 
sodium silicate or some other suitable in- 
hibitor to mild alkalies will render them 
harmless and efficient. Among abrasives, 
copper wool should not be used. In the 
dairy, a sterilizing solution is required to 
destroy residual bacteria. A dilute solution 
of chloramine-T has been found to be 
satisfactory."* Recent corrosion tests have 
demonstrated that cleansing solutions which, 
in general, when used continuously for dairy 
equipment, have corroded aluminum, have 
also corroded tinned steel, while commercial 
alkaline compounds that contained sufficient 
silicates and did not contain sodium hy- 
droxide were noncorrosive to both metals. 
Among five commercial chlorine prepara- 
tions, in which the available chlorine reached 
the strength of 100 ppm, only one of the 
sodium hypochlorite type, stabilized with 
trisodium phosphate, corroded both alumi- 
num and tinned steel.**® 
Aluminum Containers—Aluminum cans 
have been in commercial use in Norway for 
fish products since about 1933.78° This use 
arose out of the shortage of tinplate: after 
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World War I, in contrast with the plentiful 
supply of aluminum in that country. In 
subsequent years this use has been extended 
to other products in Denmark, France, 
Portugal, Italy, Switzerland, Sweden, and 
Japan.*7.249,252,820 Tests extending over a 
three-year period led the German State 
Health Department to the conclusion that 
plain uncoated aluminum containers could 
be used without reservation for meats, sau- 
sage, fats, fish-in-oil, milk, peas, and as- 
paragus, but that the inside of the containers 
required protection when acid products were 
to be packaged.’®° Similar recommendations 
were made recently in Denmark and Italy. 
218 In Germany, beer is sold in aluminum 
cans produced by impact extrusion.**” 

The higher cost of aluminum, in com- 
parison with some other materials suitable 
for this purpose, lower mechanical strength, 
and certain difficulties in fabrication are no 
doubt responsible for the fact that the 
former is not used more widely for vacuum 
packing.**:*8! On the other hand, aluminum, 
either alone or with an organic coating, is 
used for coating the inside of cans of steel 
plate.**** Aluminum is also used for bulk 
containers for sugar, flour, and other prod- 
ucts and for the caps and seals of containers 
for liquors, food products, and medicines.* 

Aluminum Foil.—The use of aluminum 
foil for wrapping meats was recommended 
as early as 1895.16 The gauge of the foil 
then available was not stated, and it may 
well be doubted that the thinness of the 
modern foil was achieved in those days. 

The foil, as it is now known, was pro- 
duced experimentally in 1905, but it was 
unavailable commercially until shortly before 
World War I. By 1939, aluminum foil, 
combined with paper, was being used as a 
wrapping on cartons of dried fruit and as a 
direct wrapping for cream cheese and but- 
ter.214388 Strategic allocation of metals dur- 
ing World War II prevented its use for 
packaging foods, with the exception of a 
few items for the armed forces. 

In more recent years, during which the 
foil has found increasing application, the 
aluminum industry has adopted the thickness 
380 


of 0.006 in. as the point of differentiation 
between sheet and foil. Below this gauge 
it is considered foil; at 0.006 in. and above, 
sheet. Foil, rolled as thin as 0.00017 in., 
is used in the electrical industry. For flexi- 
ble packaging material, the finest foil norm- 
ally used is 0.00035 in. thick; at this gauge 
it is almost always bonded to paper. The 
ordinary household foil is 0.0007 in. thick. 
The metal used today is 99.35% pure, at the 
minimum, the remainder consisting princi- 
pally of silicon and iron. Foil may be coated 
with a vinyl resin, laminated with cellophane, 
or mounted on parchments, tissue paper, or 
fibers, depending upon what coating or com- 
bination will offer satisfactory protection to 
the product as well as to the foil itself. Or, 
as in the case of butter, oleomargarine, and 
certain cheeses, parchment-lined foil is used 
to prevent the product from sticking to the 
wrapper. The lamination with other pack- 
aging materials, such as papers and, particu- 
larly, plastics, which seal any unavoidable 
breaks in the foil, has resulted in an ex- 
tremely low transmission rate of water va- 
por. It can also be heat-sealed readily by 
the application of thin coatings of heat- 
reactive lacquers and by being combined 
with polyethylene or Pliofilm. Today the 
foil is used for an increasing variety of 
food products for purposes both of clean- 
liness and of preservation of nutritive quali- 
ties. It is used also for numerous medicinal 
products.®:§7-166.445 More recently, containers 
of foil of heavy gauge, made still more rigid 
by fluting, have come into use for soft 
cheeses, baked goods, and, more extensively, 
frozen food.7*.56143,329 Tn an appraisal of 
containers for frozen foods, aluminum was 
among those best suited for foods packed 
under vacuum, for fowls or irregular cuts 
of meats, for precooked products requiring 
heating for serving, and for rigid, tight con- 
tainers which may be used repeatedly.‘ 
The impermeability of the foil-wrapped 
products to moisture aids in the prevention 
of “freezer burn” (spoilage of frozen foods 
caused by evaporation of ice crystals), while 
its ability to conduct, as well as to reflect, 
heat has proved to be valuable in the frozen 
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food industry.“ The latter property is very 
important for products such as ice cream 
stored in self-service display cabinets, Re- 
cent tests showed that ice cream stored in 
cartons overwrapped with foil was protected 
against deterioration through softening, 
shrinking, and coarsening of texture.**° 
Among other desirable attributes of the foil- 
wrapped carton is that of its resistance to the 
penetration of greases and oils, volatile sub- 
stances that may impart foreign tastes and 
odors to foods, and other contaminants such 
as dust, molds, bacteria, and insects. As an 
effective barrier against light, including ul- 
traviolet rays, such a container inhibits 
rancidity in butter, bacon, cheese, candy, 
potato chips, cookies, and other foods con- 
taining fats.* 

In a recent appraisal of the safety of 
food-packaging materials by the U. S. Food 
and Drug Administration, aluminum foils, 
along with other aluminum containers, are 
said to be ideal.?® 

Addition of Aluminum Compounds to 
Foods.—The Use of Alum: Most of the 
work on aluminum, as it relates to health, 
has been done not because of concern about 
the wide use of aluminum cooking utensils 
but because of a controversy which arose 
out of the sale of baking powders containing 
“alum.” However, even earlier, its effects 
came into question because of the addition 
of alum to flour to disguise certain inferior 
qualities, among them to arrest fermentation 
and to renovate flour damaged by damp 
storage.* Just when this fraudulent prac- 
tice came into being has not been determined. 
It was forbidden in England by the Bread 
Acts of 1822 and 1836.31® 

On the other hand, the addition of alum 
to cucumber pickles and to maraschino cher- 
ries to preserve their firmness was never 
questioned. Smith, who reviewed the re- 
lationship of aluminum to health in 1928,*% 
attributes this attitude to the fact that, in 
contrast to the fraudulent use in flour, this 
application served a useful purpose. It be- 
gan in domestic pickling and is still con- 
tinued in the home and in commercial 
establishments. In a recent report on the 
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preservation of frozen strawberries, the 
addition of a solution of alum and sugar is 
recommended to make the berries hard, give 
them luster, and protect vitamin C from 
decomposition in storage.* Also, the green 
color of pickles is fixed best by heating 
them in a 0.2% aluminum sulfate solution 
during the presouring process.*** 


aking Powder Containing Aluminum: 
The practice of combining baking soda and 
cream of tartar in exact proportions as a 
baking powder, to replace the separate use 
of these ingredients by the housewife, be- 
gan in the middle of the 19th century. In 
the 1870’s alum came into use as an eco- 
nomical substitute for cream of tartar, and 
this was later replaced by sodium aluminum 
sulfate. Competing manufacturers took ad- 
vantage of the situation that had developed 
because of the unwarranted implications 
based on the fraudulent use of alum in 
Hour and circulated statements which attri- 
buted harmful properties to the so-called 
“alum baking powders.” Extensive litiga- 
tion, beginning about 1879, both in England 
and in the United States, as reviewed in 
great detail by Smith, arose as a result of 
this. Actually, there are two types of these 
powders. Correctly speaking, they should 
not be designated as “alum.” Sodium 
aluminum sulfate (S.A.S.), which is a 
comparatively nonhygroscopic substance* 
and in the presence of moisture serves as 
an acid to liberate carbon dioxide from 
sodium bicarbonate, is used in both types. 
In the “straight” powders, S. A. S., added to 
the extent of 30.5%, is the only acid in- 
gredient ; in the “combination” type, calcium 
acid phosphate is also present. The residue 
of a “straight” powder, after reaction, has 
been calculated to be composed of about 
10.1% of aluminum hydroxide, 35.6% of 
sodium sulfate, and 37.8% of starch (used 
as a filler). The proportions in the “com- 

*In the U. S. Department of Agriculture Bul- 
letin No. 103,“° the term “alum,” which is used 
to distinguish aluminum-containing baking pow- 
ders, applies to the “calcined sodic aluminum sul- 


phate commonly used in alum baking powders and 
not to the ordinary crystallized alun:.” 
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bination” type are regarded as considerably 
less certain. Through the use of 1 rounded 
teaspoonful, or 7.5 gm., of the “straight” 
powder to leaven 1 qt. of flour, a finished 
biscuit (weighing 545 gm.) was said to con- 
tain a residue of 0.139 gm. Al(OH); per 
100 gm., or 0.048 gm. expressed as alumi- 
num; where the quantities in 2 teaspoonfuls 
(rounded) of. the “combination” powder 
(15 gm.) were used per quart of flour, the 
residue per 100 gm. of biscuit was set 
approximately at 0.147 gm. of Al(OH)s, or 
0.051 gm. of aluminum (assuming that 1 
lb. of this powder would leave a residue of 
0.56 oz. of AleOs).4%° Such calculations, 
however, cannot yield valid results. On the 
basis of the above figures, the concentrations 
of aluminum would be 480 and 510 ppm, 
respectively, in a biscuit. However, since 
modern cookbooks 1° recommend allowing 
the quantity in 2 teaspoonfuls (when level, 
about 14 gm.) of baking powder for each 
cup of flour (% qt.), when no eggs are 
used, the corresponding concentrations of 
aluminum would then be approximately 
3584 ppm and 1904 ppm, respectively, or, 
if the suggestions for “double action” bak- 
ing powders are followed strictly, about half 
of these proportions. More realistic data are 
provided by accurate analyses of the finished 
product. 

In 1908 President Theodore Roosevelt 
appointed a Referee Board of Scientific Ex- 
perts, with Ira Remsen, Professor of 
Chemistry and President of Johns Hopkins 
University, as Chairman, to study aluminum 
compounds in relation to the health of man. 
A summary of the results of the investiga- 
tions of the Board and their unanimous con- 
clusions was published in 1914 in a U. S. 
Department of Agriculture Bulletin, which 
ended with the statement that baking pow- 
ders containing aluminum are no more harm- 
ful than are any other baking powders but 
that it is wise to be moderate in the use of 
foods that are leavened with baking powder. 
This qualification was made on the basis of 
Dr. Alonzo E. Taylor’s findings that any 
baking powder provides a saline cathartic 


382 


residue in the alimentary tract. In the case 
of the cream of tartar type it is a tartrate; 
in that of phosphate powders it is sodium 
phosphate, and in the case of the “alum” 
type it is sodium sulfate. The aluminum 
itself contained in the latter is harmless.*** 

Then, in 1923, the Federal Trade Com- 
mission charged the Royal Baking Powder 
Company, makers of a tartrate powder, with 
unfair practice in claiming that “alum’’- 
containing powders of competitors were 
harmful. After lengthy hearings of testi- 
mony by a large number of expert witnesses 
for both sides,*®? the case was dismissed 
by the Commission in 1926 on the under- 
standing that the attacks of the Royal Bak- 
ing Powder Company on the product of its 
competitors had been discontinued. 

In spite of the findings of safety in the 
use of baking powders containing aluminum, 
their sale is still not permitted in England 
and certain other European countries. 
S.A.S. baking powder was permitted in 
Germany in 1945 as an emergency meas- 
ure,** and attempts to have it approved 
permanently are being made there.!** 

Use of Aluminum Compounds in Brewing 
and in the Manufacture of Sugar.— 
Aluminum compounds are used also in 
brewing to remove organic colloids.*** In 
Germany, the recently reported Protex 
process represents the addition of Deglutan, 
a mixture of aluminum silicates of the 
bentonite type, which acts as a protein 
stabilizer because of its adsorptive action. 
Up to 200 gm. of Deglutan is added per 
liter of beer 8 to 10 days before it is drawn 
off.** In Japan, aluminum chloride or sul- 
fate (or both) is added to the brewing water 
at the rate of 60 mg. of aluminum chloride 
or more per liter, to give a superior quality 
to the beverage known as sake,*** 

Another use for aluminum compounds in 
connection with foods is found in the manu- 
facture of sugar. Bauxite is now being 
introduced as an adsorbent, and sodium 
aluminate has been used as an auxiliary 
coagulant for the clarification of juices. In 
this capacity it serves to remove some of the 
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aluminum present in cane juices. This ele- 
ment is always present in sugar cane in high 
concentrations together with iron; in fact, 
the sesquioxides are generally determined to- 
gether and reported as AleOg+FesOs. In 
screened mixed juices, AleOg varies between 
20 and 100 mg. per liter. Most of it is 
precipitated in the usual clarification with 
lime. In clarified juices the concentration is 
5 to 25 mg. per liter, about one-third of the 
iron content. The carbonation process re- 
duces it further, and subsequent liming to 
pH 8 r 


soves the cations almost complete- 


Use of Aluminum Compounds in the 
Treatment of Water.—Methods of water 
purification generally characterized as coagu- 
lation have been practiced since ancient 
times. The fundamental factors involved in 
the process became known only after 1884, 
when Isaiah Smith Hyatt patented the com- 
bined use of iron perchloride (or any other 
suitable agent) as a coagulant with his 
system of rapid filtration in the treatment of 
a turbid water. The first careful investiga- 
tion of alum as a coagulant was made in 
1885. Throughout subsequent developments 
in this field, aluminum sulfate has been, and 
still is, the most widely used agent. Other 
aluminum compounds so used are sodium 
aluminate and ammonium alum. Coagula- 
tion finds its greatest usefulness in the 
removal of turbidity, organic color, and 
bacteria from unsoftened surface waters. 
In many water works, where other treat- 
ment such as chlorination requires the addi- 
tion of activated carbon for the removal of 
tastes and odors, coagulation may be an 
important aid in these operations while 
serving its own specific functions.’® The 
extent of the removal of bacteria by coagu- 
lation and sedimentation has been found to 
average about 80%, varying between 50% 
and 99% ,187 

Aluminum sulfate is added to the water 
at the rate of 5 to 40 ppm or even to 70 
ppm.*88 The reactions which occur during 
coagulation are complex, involving not only 
the direct combination of the coagulant with 
impurities but also the formation of complex 
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hydrous oxides. The presence of various 
ions in the water is responsible for further 
reactions. Whatever these may be, the suc- 
alum in the treatment of 
water depends upon its change to an in- 
soluble form and its subsequent precipita- 
tion. 


cessful use of 


Along with many other methods that have 
been introduced to guard the public health, 
the addition of alum to water supplies met 
with opposition. However, it is well estab- 
lished that modern purification practice re- 
sults in the presence of less, rather than 
more, aluminum in the treated water than in 
raw water.’® This is well illustrated by data 
provided by the Supervisor of Water Puri- 
fication of the Cincinnati Water Works, 
which now serves more than 600,000 peo- 
ple."** For the period of September, 1954, 
through August, 1955, the amounts of alum 
added from 0.3 to 1.5. grains 
(19.5 to 97.5 mg.) per gallon of raw water 
(5.13 to 25.65 ppm). Alum was not added 
every day of each month, but only when 
it was required. The concentration of solu- 
ble aluminum in the finished water ranged 
up to 0.30 ppm and averaged 0.04 ppm over 
the year. On the other hand, the total 
aluminum content of a sample of raw water 
in the Ohio River was found to approximate 
21 ppm. 

It is significant that aluminum is not in- 
cluded among the chemical substances for 
which the U. S. Public Health Service has 
establisned maximum allowable concentra- 
tions,“** no hygienic problems having arisen 
in this relationship. The recommendation 
was made in 1925 that when waters are 
treated with chemicals any excess of the 
chemicals be avoided, and in respect to 
aluminum no than a trace should 
result in the effluent from the purification 
plant.“ The determination of aluminum is 
included among the chemical analyses of 
water supplies by the U. S. Geological Sur- 
vey only when the waters are acid.2® Data 
on the aluminum content of a number of 
potable waters are listed in Table 7. 

Effects of Aluminum and Aluminum 
Compounds on the Nutritional and Other 
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Qualities of Food.—Extensive investigations 
in the field of nutrition have been concerned 
with the attenuating or destructive influence 
of various types of processes for the pres- 
ervation and preparation of foods upon 
the vitamins. It is not surprising, there- 
fore, that the effects of various metals, in- 
cluding aluminum, have been subjected to 
scrutiny. Before discussing what has been 
found in respect to this metal, it may be 
well to consider certain conditions (without 
regard to the utensils in which foods may 
be cooked or processed) which affect the 
stability of the better known vitamins. 

The effects of hydrogen ion concentration, 
atmospheric oxygen, light, and heat on the 
various vitamins, as well as losses encoun- 
tered in ordinary cooking, have been sum- 
marized recently in “Standard Values in 
Nutrition and Metabolism.” Among the 
more common vitamins, ascorbic acid (or 
vitamin C, the chief sources of which are 
fruits and vegetables) is the most labile, its 
stability being greatest under acid (less than 
pH 7) conditions (except in the presence 
of oxygen and certain metallic ions, prin- 
cipally iron and copper) °° while it is de- 
composed by atmospheric oxygen, light, and 
heat. Vitamin A is affected by atmospheric 
oxygen and light, riboflavin by light, and 
thiamine by oxygen and heat. Niacin is the 
most stable to these influences. Ascorbic 
acid and the B-complex vitamins, among 
them thiamine, riboflavin, and niacin, are 
soluble in water. It is evident, therefore, 
that in the course of the simplest prepara- 
tion of food, and even in some cases of its 
storage, certain of these substances, particu- 
larly ascorbic acid, may undergo partial 
destruction because of exposure to air and 
light, while heat and the discarding of water 
in which the food is cooked may cause com- 
plete loss. The tabulated data in the publi- 
cation mentioned earlier ® indicate that the 
losses in ordinary cooking may range as 
follows: vitamin A, from 10% to 30%; 
ascorbic acid, from 20% to 80%; niacin, 
from 0% to 72%; riboflavin, from 0% to 
48%, and thiamine, from 25% to 45%. 
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The length of time and the manner of 
cooking (whether the food being cooked is 
covered or uncovered, steamed, or prepared 
in a pressure cooker), the amount of water 
used, peeling, and, especially, shredding or 
mashing play a decided role. A few years 
ago, the retention of the nutrients in 20 
foods typical of those a homemaker might 
choose was determined in the laboratories of 
the U. S. Department of Agriculture 7" af- 
ter preparing and cooking these foods by 
more or less usual household procedures. 
As might be expected from its properties, 
ascorbic acid was the most sensitive of all 
the nutrients studied. In general, the greater 
the volume of water employed in the cook- 
ing, the longer the time of cooking, or the 
smaller the article to be cooked, the less 
ascorbic acid was retained. This may be 
illustrated by the following examples: When 
fresh lima beans were cooked in water 
sufficient to cover them, only 23% of the 
vitamin was retained; when they were 
cooked in half as much water, they retained 
38%. Wax beans cooked for two hours in 
water sufacient to cover them retained 35%, 
while 54% was retained when they were 
cooked for only 20 minutes in the same 
quantity of water. Only 18% of the 
ascorbic acid content of raw cabbage re- 
mained after it had been cut into strips 1 
in. wide and boiled for one hour. Sweet 
potatoes baked whole retained 89% of their 
original content of this vitamin, but when 
cut in half before baking, only 31%. The 
other nutrients included in this investigation 
were more stable, especially those resistant 
to heat. The experiments were not designed 
to determine any effects introduced by 
specific utensils, but aluminum pans were 
used for baking, aluminum skillets for brais- 
ing and frying, and cast aluminum Dutch 
ovens for pot roasting, while enameled pans 
were used for boiling foods on the top of 
the stove. Although there is no basis for 
comparisons, it may be concluded from the 
results shown in Table A that home cooking 
in aluminum results in only such losses in 
nutrients as may be anticipated from the 
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TABLE A 


Beef 


without water 


Pork chops and liver braised or fried in aluminum for 11.5 to 30 min. 


Biscuits, rolls, and bread baked in aluminum 


Chieken simmered or boiled in enamel for 194 and 240 min., with 


water to cover 


t roast braised in aluminum for 222 and 244 min., with and 


Percentages Retained 


Nicotinic acid Riboflavin Thiamine 
89"; 115 107; 114 5 
67 to 105 91 to 116 65 to 102 
76 to 118 129 to 189 65 to 93 
32 55; 72 


*Adapted from Hewston et al. 211. 
characteristics of the product, the properties 
of the vitamins, and the manner of cooking. 

The effects of canning and other com- 
mercial processing on the nutrients of foods 
have also been studied extensively and _re- 
viewed only recently.®* It is obvious that in 
the course of commercial canning some 
losses in nutrients will occur, not only 
through exposure to heat but also in 
preparatory procedures such as cleaning, 
washing, cutting, blanching or scalding; in 
filling containers, and in brining, exhausting 
air from products before closure, and clos- 
ing. Retention of nutrients, especially those 
which are water-soluble, and ascorbic acid 
in particular, may vary according to the 
practices in various canneries. For instance, 
retention of 94% of ascorbic acid during the 
canning of tomato juice was achieved in one 
cannery, while in another only 32% was 
retained.® Retention of vitamins in various 
foods depends also upon the size, maturity, 
grade, and characteristics of the raw prod- 
ucts.47° Two recent compilations of the 
composition of foods, including raw, proc- 
essed (canned, frozen, and dehydrated), 
and prepared, provide a fairly broad por- 
trayal of what may be expected with respect 
to the various nutrients under various con- 
These compilations did not 
concern themselves with the materials of 
which processing equipment or containers 
were made, but they do furnish a back- 
ground of information on other general 
factors which arise out of the ordinary 
preservation. and preparation of food. As 
such they are pertinent here. 

The effects of the use of aluminum con- 
tainers in the processing of milk have been 
investigated extensively. The first observa- 
tions were reported by investigators at the 
Mellon Institute.*® In these tests, the 
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of vitamin 


antiscorbutic action (a function 
C) of milk, boiled in various types of ves- 
sels, was tested. The milk, fed to different 
groups of guinea pigs, was heated as rapidly 
as possible to the boiling point, then allowed 
io continue boiling lightly for five minutes 
in an aluminum saucepan or in a glass 


beaker. Unheated milk was also fed in 
parallel experiinents. There was no detecta- 
ble difference in the condition of the animals 
fed upon the two lots of heated milk. The 
loss of vitamin C in both lots amounted to 
about 20% and was referable to the boiling 
itself. Similar results were obtained by 
feeding animals milk pasteurized aerobically 
in aluminum.*%¢,3% 

In later tests, the ascorbic acid content 
of foods was determined chemically. In 
one of these, milk brought to the boiling 
point in aluminum pans lost less of its 
vitamin C than did milk boiled in glass 
This was attributed to the shorter 
period of time required to bring the milk 
to the boiling point in aluminum. When the 
time of heating to the boiling point was 
made uniform, artificially, slightly less 
destruction of the vitamin occurred in the 
glass containers. On the other hand, when 
the same intensity of heat was used for 
cooking potatoes, kohlrabi, cauliflower, and 
apricots, in a variety of utensils (aluminum, 
newly and poorly tinned copper, enameled 
ware, glass, glazed earthenware, and a 
double boiler and steam table of unspecified 
material), the loss of ascorbic acid was least 
in the aluminum ware.5?-153 


vessels. 


The stability of vitamin C was also 
examined by immersing strips of different 
metals, among them plate and cast alumi- 
num, in separate portions of aqueous solu- 
tions of ascorbic acid*** as well as by 
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immersing aluminum, its alloys, and other 
metals and their alloys in milk. From all 
points of view, aluminum and chrome-, 
vanadium-, and chrome-nickel steels were 
considered to be the best of the metallic 
materials tested. 

Two investigations reported in the Rus- 
sian literature deal with the influence of 
different alloys of aluminum on aqueous 
ascorbic acid solutions, either alone or fol- 
lowing their addition to foods. According to 
the findings, the higher the copper content 
of an alloy the greater was the loss of the 
vitamin content.* Strips of sheet aluminum 
(Mark A-3) and of secondary Duralumin 
(Mark AVD-1-1) caused complete destruc- 
tion of the vitamin in aqueous solutions 
boiled for 40 minutes and then stored at 75 
C for 2 hours. However, when ascorbic acid 
was added to potato, cabbage, onion, tomato, 
spinach, meat, or starch in amounts suffi- 
cient to equalize the concentrations of the 
vitamin therein with those in the control 
solutions in water, the destruction of the 
vitamin by the means indicated above was 
limited to 30% to 50%. The same strips of 
aluminum had very little influence on the 
ascorbic acid content of milk after two 
minutes of boiling and two hours of stand- 
ing at room temperature.**! The difference 
in the behavior of the strips of aluminum in 
the aqueous solutions and in the foods is 
not clear and is contrary to other findings.?** 

Recently the Department of Dairying of 
the Ontario Agricultural College 
examined the quality of cream and milk 
stored in new cans made of aluminum, 
stainless steel, and tinned steel and in slight- 
ly rusty, and very rusty, tinned steel cans. 
A 2-gallon glass bottle, wrapped in asphalt- 
coated paper to prevent the undesirable ef- 
fect of light, was used as control. The con- 
ditions were such as would obtain in actual 
practice, and even overemphasized, since the 
cans were only one-quarter full, and the 
ratio of the area of contact of cream and 
metal to the volume of cream was thus in 
excess of that of a full can by about 40%. 
Samples removed from all the containers 
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on the fifth day of storage at 60 to 70 F 
showed no differences in the content of vita- 
min A or carotene of cream or butter from 
the various cans, nor any differences in the 
riboflavin or ascorbic acid content of the 
stored milk. The mean values for the acidity 
of the cream from the new cans were the 
same; those of the cream in slightly and 
very rusty cans were somewhat higher be- 
cause of the presence of iron. Flavor scor- 
ing showed close ratings for the products 
in the new cans and in the glass bottle. No 
significant differences in the quality of butter 
from creams stored in these last-mentioned 
containers nor in the quality of the milk 
held in them for 16 to 120 hours at 38 to 
65 F could be observed. Milk and cream 
held in these cans, and butter made of this 
cream, showed only very slight differences 
when they were subjected to the thiobar- 
bituric acid test (which indicates the degree 
of oxidation of milk products) and this test 
was correlated with the flavor score. 

In another test, storage of whole or cen- 
trifuged milk in aluminum containers was 
accompanied by little greater loss of ascorbic 
acid than that associated with storage of the 
milk in dark glass bottles.#** 

There seems to be little published infor- 
mation on the preservation of vitamins in 
food products stored in metal containers. 
One report indicates that the carotene con- 
tent of some vegetables was affected neither 
by the material of the can nor by the length 
of storage, while the losses in the ascorbic 
acid content of green kale were greatest 
in black plate containers, less in aluminum, 
and least in tin plate.**° This paper could 
not be seen in the original, and so the 
conditions could not be verified. The factors 
that affect nutrients in the course of canning 
have been discussed previously. While 
ascorbic acid is sensitive to the presence of 
iron, the variations in its destruction, as 
indicated above, should not be attributable 
to the metal alone. Further investigations 
are needed to give more complete infor- 
mation. Duralumin and aluminum strips, 
immersed in Squalus suckleyi liver oil and 
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heated under vacuum, caused less decom- 
position of vitamin A than did most of the 
12 other metals tested. At atmospheric 
pressure the action of the metals was the 
same.335 

The persistence of catalase and reductase 
in milk stored in vessels made of aluminum 
of 98% and 95% purity, tinned copper, and 
tinned iron at 20, 15, and 6 C for periods up 
to 120 hours showed only minor variations. 
The influence of pure aluminum on the pH 
of milk was the same as that of tinned 
copper and somewhat more favorable than 
that of aluminum of 95% purity and of 
tinned iron.”® 

In respect to the effects on other food 
catalysts in the laboratory, a 0.05% aqueous 
solution of aluminum chloride and one of 0.1 
N aluminum nitrate inhibited only weakly 
the coagulaticn of milk with rennet in com- 
parison with certain other metal salts which 
caused marked effects.4™* 

In its use as a packaging material, alumi- 
num foil contributes to the preservation of 
the nutritive qualities and to the appearance 
of foods. This is particularly true of fats. 
Fats or fat-bearing foods exposed to light, 
air, heat, moisture, and certain metals soon 
become rancid, and through this change they 
suffer a destruction in vitamins A and 
FE. In early tests, aluminum as well as 
dark or green wrappers afforded effective 
protection against light, which was shown 
to be the principal cause of rancidity in oil- 
bearing substances.% Since this foil has 
come into wider use, tests and experience 
have shown that butter wrapped in parch- 
ment-lined aluminum foils keeps much 
longer without developing surface taint, 
rancidity, and loss of moisture than that 
wrapped in parchment 

Recent investigations, in which the ribo- 
flavin and moisture centent of “brown and 
serve” rolls packaged in different materials 
were measured after exposure to light, fur- 
ther support these observations. Aluminum 
foil proved to be superior to the other ma- 
terials tested in preventing loss of riboflavin 
and in preserving natural flavor.47 Candies 
also, when wrapped in aluminum foil or 
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stored in boxes overwrapped with foil, were 
found to have undergone less deterioration 
in appearance (“sugar and fat bloom”) and 
in flavor after storage for as long as three 
months at temperatures of 0 to 70 F 7% 
than did those in other wrappings. In the 
freezing of foods, particularly, proper con- 
tainers or wrappings are important, for the 
reason that inadequate packaging is one of 
the principal causes of loss of water vapor. 
Desiccation affects appearance, weight, vita- 
mins, and flavor. Because of physical 
properties that promote close wrapping and 
impermeability to water vapor, aluminum 
foil aids in the retention of these proper- 
ties 

From time to time articles appear in 
reputable journals that arouse public fear in 
relation to foods and their processing or 
preparation, without giving the details of 
experimental observations upon which the 
pronouncements are based and without docu- 
mentation. Experimental observations and 
common experience have shown that one of 
the most desirable properties of aluminum 
is that foods are not discolored through con- 
tact with it. Yet one author *** states that 
some hours (2 to 10) after food (potatoes, 
beets, milk) had been prepared in aluminum 
its color had darkened, its taste had been 
altered, and its pH had been changed toward 
the alkaline side. The conditions under which 
the food was kept were not described; that 
is, whether under refrigeration or otherwise ; 
moreover, it is well known that the taste 
of food, particularly of vegetables and milk, 
is changed even when they are stored after 
cooking, in the refrigerator, in vessels other 
than those made of metals. 

Aside from the findings of the Referee 
Board ** that “when aluminum compounds 
are mixed or packed with a food, the quality 
or strength of said food has not been found 
to be thereby reduced, lowered, or in- 
juriously affected,” not much information 
appears to have been published on the effects 
on the nutritive qualities of breads and 
cakes from the use of baking powders con- 
taining sodium aluminum sulfate. In a re- 
cent factors affecting the 
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persistence of B vitamins in corn bread,*** 
no significant changes were found in the con- 
tent of thiamine, riboflavin, and niacin when 
Calumet (containing sodium aluminum sul- 
fate), Royal (tartrate), or Rumford (phos- 
phate) baking powders were used (4.5 gm. 
of baking powder to 250 gm. of meal). 

Sanitary Aspects—So far as can be de- 
termined, there have been but few thorough 
investigations of the sanitary qualities of 
aluminum utensils. For the most part, this 
matter is not of first importance, since in 
the process of cooking, bacteria of signifi- 
cance to health are destroyed. 

A laboratory investigation was reported 
recentiy *** on the persistence of bacteria on 
various types of dinner plates, including one 
of stainless steel and one of aluminum, both 
before and after washing with a detergent 
in a commercial washer. The results ap- 
peared to be unfavorable to aluminum. How- 
ever, without knowledge of the quality of the 
aluminum used, or of the type of detergent, 
it is impossible to judge the results in the 
light of actual practice. 

Of more significance is the comparison of 
aluminum with tinred steel as materials for 
milk cans under conditions simulating those 
of actual use. The reports of experiments 
of this type have been favorable to alumi- 
A recent investigation deserves 
special mention.*® Some 1400 cans of all 
types were examined over a period of 12 
months, with use of various washing solu- 
tions. Except for a very short time when 
the cans were new (about one month in 
use), 12% to 40% more of the Danish type 
(seamless) of aluminum cans could be 
placed in the first and most satisfactory 
classification in relation to their production 
of bacterial colonies (0 to 40,000) per can. 


The same trend of a more complete destruc- 
tion of strongly acid and caseolytic types 
of colonies in aluminum cans was evident, 
In a creamery, where cream remains in the 
can for three to seven days during hot 
summer months, 85% of the aluminum cans 
were in the first classification, as compared 
with 47% of tinned cans. The aluminum 
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cans remained 3 to 7 degrees C hotter than 
the tinned cans for three to five minutes 
after their removal from the washers. The 
more complete destruction of bacteria was 
attributed to this longer retention of heat. 
The authors advocate further observations 
on seamless tinned cans, but they believe 
that once the tin wears off satisfactory 
cleaning is hard to accomplish. 

Summary.—The suitability of aluminum 
for the processing and storage of foods has 
been studied extensively since the metal be- 
came available in adequate quantities in 
1890. The various advantages of aluminum, 
that is, the high and uniform conductivity 
of heat over its entire surface, the ability 
to withstand steam-cleaning, and the rela- 
tively low rate of attack by food products 
have resulted in its wide application not 
only in the home but in the food industry 
as well. 

A number of investigations have shown 
that the processing and packaging of foods 
in aluminum does not contribute to the de- 
struction of nutrients over and above that 
caused by the handling of the food in the 
home or in the food industry; neither does 
it bring about discoloration or change in the 
flavor of the product. In comparison with 
other materials designed for the same use, 
the sanitary qualities of aluminum are equal 
or superior. 

Compounds of aluminum are used widely 
as baking powders, in the preservation of 
products such as pickles, cherries, and other 
fruits, and in the manufacture of sugar and 
beer. Aluminum sulfate (alum) is used most 
extensively in the processes of purification 
of drinking water supplies. 


V. Aluminum in Human Food 


In his book, “The Chemistry of Food and 
Nutrition,” Henry C, Sherman *” confines 
his discussion on the significance of alumi- 
num in man’s diet to the following state- 
ment: “Our bodies have evolved in, and we 
live in, an environment so rich in aluminum 
and silicon compounds that it seems im- 
probable that we should be injured by the 
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small amounts of our usual incidental in- 
take ; or that we should need more than we 
regularly get incidentally.” 

The “incidental intake” of aluminum and 
certain other “trace elements” is illustrated, 
in at least one of its quantitative aspects, by 
recent observations of Kehoe et al.?** on the 
concentrations of the trace metals manga- 
nese, lead, tin, copper, silver, and aluminum 
in the tissues of a number of American 
adults, all but one of them women whose 
life histories were such as to exclude the 
likelihood of their having sustained any oc- 
cupational or other unusual exposure to 
these metals. The levels of concentration of 
aluminum found in the lungs of these adults 
were higher than those of the other metals 
investigated and also higher than those of 
the same element in other tissues of the 
body. (The forms in which the metallic 
components of man’s environment reach him 
are variable, no doubt, and largely unknown. 
In the case of aluminum, that portion which 
derives from soil dispersed in the atmos- 
phere is made up, in all probability, of di- 
or trisilicates, which are essentially insoluble 
in water. To what extent, if any, these 
dissolve slowly in the medium of the lung 
and are transported to other tissues is un- 
known. Moreover, the nature of the com- 
pounds which are formed during and after 
the absorption of aluminum [and other 
metals] into the body from the lung or 
alimentary tract is a theoretical rather than a 
factual consideration. In the preparation of 
tissues or other biological materials for 
analysis, the organic components are de- 
stroyed completely by chemical or thermal 
means, to provide an artificial aqueous solu- 
tion of the metal or metals being determined. 
The results of the analyses are then ex- 
pressed, as a general rule, in terms of the 
metallic ion, Data on the concentrations of 
aluminum in biological materials generally 


are to be interpreted in the light of these 
facts. ) 

Since aluminum is the most widely dis- 
tributed metallic component of the earth’s 
surface, it is to be expected that it should 
occur in significant concentrations in inhaled 
Campbell et al. 


dust. In fact, one of the major problems in 
the analysis of aluminum in tissues and in 
foods has been the avoidance of the con- 
tamination of the atmosphere and equipment 
of the laboratory with particulate material 
in the outside atmosphere and with inci- 
dental dust carried into the laboratory on 
the shoes and clothing of the personnel.** 
The fate and significance of the inhaled 
aluminum compounds does not belong in this 
discussion of the significance of its presence 
in the diet, except that its omnipresence 
poses the constant likelihood of the contact 
of foodstuffs with the dusts present in the 
atmosphere even in the most meticulously 
kept household. Moreover, aluminum in the 
dust inhaled under ordinary or unusual cir- 
cumstances may be trapped, in part, in the 
upper respiratory tract and subsequently 
swallowed with the nasopharyngeal secre- 
tions. From the very fact that aluminum is 
so widely distributed in the universe, its 
presence in all plant and animal tissues— 
thus in man’s daily diet—appears to be 
inevitable. 

A number of reports have been published 
on the natural occurrence of aluminum in 
foodstuffs, and it is necessary to consider 
the quantities from this source before draw- 
ing conclusions as to the amounts that may 
be added by cooking foods in aluminum 
utensils, by processing, by canning, or by 
using aluminum-containing baking powders. 
The data reported vary widely, not only 
because of the variability of the analytical 
methods used, especially in early investiga- 
tions, but also because of the variety of the 
individual foods. The concentrations in 
foods from animal products are consistently 
low. Greater variations occur in fruit and 
vegetable products. Although certain plants 
appear to accumulate aluminum, the known 
edible varieties (with the exception of tea 
plants) seem not to do so, On the whole, 
the outer leaves and coverings yield the 
greater concentrations—largely, in all prob- 
ability, because of external deposition. 

The methods of analysis have been dis- 
cussed earlier. It is evident that the 
spectrographic technique has provided the 
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more consistent results, and that the con- 
centrations of aluminum in natural foods are 
much lower than was earlier supposed. In- 
deed, the first use of this method gave rise 
to a controversy as to whether aluminum 
occurred regularly in plant and animal tis- 
sues. In 1928 *° attention was called to the 
probability of contact with aluminum con- 
tained in the air in the laboratory and with 
that in reagents used during chemical 
analysis. Then, by means of a spectrograph, 
the following substances were examined: 
wheat germ, yeast, navy beans, lima beans, 
potatoes, carrots, and cottonseed meal, as 
well as hen’s eggs and several tissues from 
laboratory animals. All except the skin, the 
intestinal walls, and the lungs of the rat 
showed the absence of aluminum lines. 
Hence it was concluded that aluminum is 
not a constituent of either plant or animal 
matter, or, if it is present, then only in 
quantities no greater than 0.5 ppm. This 
work was immediately challenged by 
others,?** who analyzed, also spectrographi- 
cally, hen’s eggs, potato, carrot, and other 
foods, including meat, and found the ele- 
ment to be present in amounts sufficient to 
be detected with certainty. Several other 
reports were published subsequently, dem- 
onstrating aluminum by this method in 
marine products,**! in hen’s eggs,*! and in 
human and bovine milk,’* although quanti- 
tative data were not recorded until more 
recently. 

Concentrations of Aluminum in Raw 
Foods and Potable Waters—The concen- 
trations of aluminum in the various food- 
stuffs as they are reported in the literature 
are compiled in Table 6. The foods have 
been arranged according to classes—that is, 
cereals and breads, dairy products, meats, 
vegetables, fruits, desserts, condiments, and 
miscellaneous products, as representatives of 
each group found in the daily diet. The 
data are tabulated according to author, where 
numerous products were included in the in- 
vestigation, and by grouping together the 
methods of analysis used, to enable easy 
comparison of results. It may be pointed 
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out that a large number of the foods listed 
are not in the fresh, unaltered state but 
have been subjected to some sort of proc- 
essing, such as milling in the case of flour 
or drying and treatment with preservatives 
in the case of raisins, and so forth. It must 
be borne in mind that any sort of processing, 
even in containers other than aluminum, 
may increase the aluminum content, by rea- 
son of handling and exposure to air-borne 
dust particles, or decrease it through pro- 
cedures of cleansing or removal. All of the 
values have been recalculated to parts of 
aluminum per million parts of food (which 
is equivalent to milligram per kilogram in 
the case of solids and milligram per liter in 
the case of liquids which are essentially 
aqueous or of comparable density). No at- 
tempt has been made to recalculate the 
values so as to express them uniformly on 
either a fresh (wet) or dry basis. Where 
the values for fresh products were included 
in the reports, these were chosen. When the 
information as to the state of the substance 
was not clear, it has been taken to apply 
to the common form of the article. The 
conversion of the values could hardly be 
exact, in any case, unless the moisture con- 
tent were specified. The concentrations of 
aluminum found in foods cooked in vessels 
made of this metal, under conditions such as 
would occur in usual practice, are also in- 
cluded in the Table, so that the significance 
of these values may be apparent. 

The analyses made by Cholak in 1940 
cover a wider variety of foods and beverages 
than those reported elsewhere. The experi- 
ments which provided these results were not 
designed to compare the concentrations of 
aluminum in foods cooked in aluminum 
vessels with those cooked in other types of 
utensils ; consequently no direct correlation 
in this respect is possible. However, the 
results obtained in the case of foods that had 
been subjected to contact with aluminum 
raise some interesting issues which will be 
discussed later. But for a few data on water 
boiled in aluminum utensils under conditions 
comparable to those of normal practice, the 
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concentrations of aluminum found in drink- 
ing water supplies are listed separately in 
Table 7. On the whole, these are very 
low ; yet in some instances (Arkansas) they 
attain appreciable proportions. The alumi- 
num contents of other ground and mineral 
waters, as determined mainly in early in- 
vestigations, are listed in Table 5. 

It is now well established that aluminum 
is present in all foods and beverages, the 
levels, for the most part, being of a low 
order of magnitude. 


Concentrations of Aluminum in Foods 
Cooked in Aluminum Utensils or Stored in 
Aluminum Containers.—Very shortly after 
the Hall-Héroult process had made the gen- 
eral use of aluminum possible, information 
appeared in the literature on the safety of 
the use of this metal for the preparation of 
foods in the home or among military per- 
sonnel, together with evidence concerning 
the amounts that may be so introduced into 
the food. The first of these, begun in 1891 
by Plagge and Lebbin,* were mentioned 
earlier, in connection with the effects of 
water on aluminum. During the course of 
their investigations the authors cooked the 
noon meal for two men in the laboratory, 
over a period of a year and a haif, in vessels 
made of this metal and demonstrated that 
the typical items of the daily diet so proc- 
essed contained but a few milligrams of 
aluminum.*** No effects on the well-being of 
the persons who consumed the food were 
observed. 

In the investigations that followed, the 
amounts of the metal which may be added 
to foods by aluminum vessels were estimated 
by measuring losses in the weight of strips 
immersed in a variety of beverages or solu- 
tions of acids that occur commonly in foods. 
The liquids, with the strips suspended in 
them, were allowed to stand at room tem- 
perature or at elevated temperature for 
various periods of time. This method was 
used (and is still in use) for most of the 
corrosion tests discussed earlier, Some tests 
were also carried out by measuring the loss 
in weight of the vessel in which the foods 
Campbell et al. 


had been cooked. As might be expected, 
there were wide variations with time and 
temperature and with the acidity or alkalin- 
ity of the product. 

The first of these observations were made 
in 1892.28§ Strips of aluminum, after stand- 
ing in wines and various food acids of 1% 
to 5% concentrations for six days, lost from 
1.08 to 4.77 mg. per 100 sq. cm. Hot cof- 
fee caused a 0.50 mg. loss in weight, but 
tea and beer had no effect. An estimate was 
made that a field flask of 1-liter capacity, 
having a surface of about 600 sq. cm. and a 
weight of 200 gm., attacked twice as vigor- 
ously by its contents as it would be by wine, 
on the basis of the experiments above (2.84 
and 3.27 mg. per 100 sq. cm.), would give up 
no more than 5 mg. of aluminum within 
24 hours. Similar experiments were per- 
formed in France under more rigorous con- 
ditions by keeping the strips immersed in 
the foods for several months.** Again, these 
tests were done in the interests of the use of 
aluminum field equipment for military per- 
sonnel, Apparently 1500 utensils were so 
used in the expedition te Madagascar and 
were found to have given satisfactory serv- 

The formation of white and dark spots 
on aluminum strips immersed in filtered 
river and well water was attributed in an 
early report ''® to impurities such as iron, 
carbon, and silicon, Even when this type of 
corrosion was considerable, only compara- 
tively small quantities of alumina or, possi- 
bly, iron oxides were dissolved and they 
were not considered of significance from the 
point of view of health. By cutting sheet 
metal sections out of army field flasks and 
utensils and placing them in boiling tap 
water for at least three hours daily over a 
period of three years, one investigator,!** 
in 1897, satisfied himself that a cooking ves- 
sel with a surface of 732 sq. cm. would lose 
0.105 gm. in weight, corresponding to 0.09 
mg. per day, after three years of use. In 
another experiment, strips of aluminum, 
boiled in milk for half an hour, developed 


white spots but sustained no loss in 


weight.147 
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While these and many other experiments 
of this type have given valuable information 
as to the suitability of the metal for use in 
domestic and other cooking, they fail to 
reveal the actual] quantities of aluminum that 
may be contributed to the food under prac- 
tical conditions of cooking or other use in 
the home. The metal available in the early 
years contained many impurities, and, al- 
though some investigators have stated that 
they used aluminum of a purity as high as 
99%, the analytical methods of the period 
were far from exact, and these statements 
cannot be accepted. Moreover, the earlier 
metal had many discontinuities, causing un- 
even wear. The modern metal reaches a 
degree of purity of 99.99%, and present 
milling operations provide a homogeneous 
surface. It must also be borne in mind that 
tests in which strips of metal are immersed 
for various lengths of time in acid, neutral, 
or alkaline solutions, in order to determine 
the effects of individual components of foods 
upon the metal, are indicative rather than 
definitive. As will be shown later, the mass 
of food cooked in a utensil reacts entirely 
differently on the outer surface of contact 
than does a strip of metal immersed in a 
solution. 

In 1913, investigators in the Lancet 
Laboratory,’* as well as others in Great 
Britain,!* undertook to find out what hap- 
pens under conditions simulating everyday 
use. While their observations were mainly 
qualitative, they found virtually no evidence 
of a solvent action on the vessel when 
water, salt solution, and acetic and tartaric 
acid solutions, with and without salt, were 
boiled in an ordinary aluminum saucepan for 
several hours, unless the solutions remained 
in the pan for 24 hours. Sodium carbonate 
solution produced a distinct darkening of 
the vessel, and alumina was formed. Bacon 
fried in an aluminum pan was not discolored, 
and no alumina was introduced into the 
residual fat. Other foods, as beefsteak and 
tomatoes, together with butter, salt and pep- 
per, seasoned soups, onions, carrots, brus- 
sels sprouts, and apples, when cooked were 
found to contain only small quantities of 
392 


aluminum. It was concluded that aluminum 
was not more susceptible than iron to the 
action of water and foods during the proc- 
esses of cooking and that “any suspicion 
that it may communicate poisonous qualities 
to food in the process of cooking may 
safely be dismissed.” 37 

These and later experiments !%?®9-3 are 
of particular interest because they were the 
first to show that when foods are cooked in 
aluminum vessels their aluminum content 
may differ greatly from the amounts that 
might be calculated from immersion tests 
using food acids or other solutions. The 
complex physicochemical system repre- 
sented by most foods is much less corrosive, 
generally, than are solutions of seemingly 
comparable concentrations of the acids or 
salts found in foods. This was proved some 
years later '*' by suspending pieces of chem- 
ically pure metal foil, 4X5.5 sq. cm. in 
area, within glass jars containing 150 ml. of 
the corroding medium and allowing them 
to remain therein for about three weeks at 
18 C. In the experiments with aluminum, 
the suspension of the strip in a 3% solution 
of sodium chloride caused 0.0028 gm. loss in 
weight, or 100% mean relative corrosion, 
whereas when 0.1% of gelatin was added 
to the salt solution only 0.0012 gm. was 
lost, equivalent to 44.6% mean relative cor- 
rosion. Later investigations further cor- 
roborate these results: When an egg was 
boiled in water in an aluminum vessel a 
dark stain was produced which was absent 
when an egg was scrambled.*# 

Unfounded reports alleging disastrous ef- 
fects from the preparation of food in alumi- 
num utensils led to further investigations by 
European authorities concerned with the 
public health. In 1928 a Swiss investigator 
employed used and cleaned aluminum vessels 
of varied capacity in his experiment.*! 
Among his findings the most important are 
that sodium chloride (table salt) solution 
dissolves much less aluminum than was 
earlier supposed, that fats (butter) heated 
in a pan for 20 minutes to about 200 C 
absorb but negligible quantities (0.012 mg. 
Al in 20 gm. of butter), and that the cook- 
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ing of apples in a vessel in which water was 
previously boiled, without cleaning, dissolved 
somewhat more aluminum than did apples 
cooked in a cleaned pan. Milk, meat stock, 
and even sauerkraut, however, took up only 
minute amounts of aluminum, indicating that 
the protective layer of the hydroxide on the 
walls of the vessel was not destroyed. He 
also considered whether the aluminum com- 
bines with the food in an organic form, but 
he concluded that it does not do so. While he 
expressed some reservation on the use of 
the metal with acid foods, he saw no danger 
in its use for cooking most foods. 

Other significant observations were re- 
ported in 1929 from Germany.*” Berlin tap 
water (total hardness 21.84°) and _ soft 
Rhineland water (total hardness 5.74°) 
were boiled repeatedly in aluminum vessels 
over different periods of time up to 60 
minutes. Only traces of aluminum were 
dissolved by bringing the hard or the soft 
water to a boil. When the boiling was con- 
tinued for five minutes, the aluminum con- 
tent of the two waters increased to 8 and 5 
ppm, respectively. However, when the same 
pots were used repeatedly the concentrations 
of aluminum decreased, so that with the 
third use only 4 ppm was found in the 
boiled water. This decrease in solvent ac- 
tion on aluminum by water or foods with 
repeated use was demonstrated in the earliest 
investigations and confirmed later. 
498 An important fact mentioned in the 
report cited earlier * is that in the home the 
water is brought to the boiling point and 
used immediately, so that the higher con- 
centrations associated with prolonged boiling 
(even though the highest value was only 17 
ppm) are of no consequence. When food 
products are added to the water, the modify- 
ing influence gives entirely different re- 
sults. Thus, the only valid results are those 
obtained by using finished food for analysis. 
After determining the content of aluminum 
in the raw foods, the same investigator 
prepared them in aluminum vessels. The 
concentrations of aluminum obtained in the 
finished meals were small (6.4 mg. and 
lower). Only cabbage (650 gm.) boiled 
Campbell et al. 


with vinegar, and apples (1 kg.) cooked 
without sugar, gave higher values, 35.0 mg. 
(but 8.5 mg. when the experiment was 
repeated) and 24.3 mg. (in the ash), re- 
spectively. 

J. H. Burn,® of the Pharmaceutical So- 
ciety of Great Britain, who appraised the 
hygienic status of aluminum for the British 
Non-Ferrous Metals Research Association 
in 1932, calculated, on the basis of these 
meals, that a person would ingest 13.16 mg. 
of alumina (6.92 mg. of Al) daily. This 
estimate of the average daily intake of 
aluminum in a hypothetical diet is open to 
some question, but it is lower than estimates 
made by others (see Table 8). The relative 
percentages of increase in the alumina con- 
tent of 75 different foods after cooking were 
also determined.*” Most of them ranged 
below 0.009%, and only eight exceeded 
0.025%. The highest was 0.082%. 

The publications of the well-known Ger- 
man pharmacologist, K. B. Lehmann, which 
also appeared in 1929, contributed further 
information on the subject.2®° He analyzed 
the aluminum content of a number of prod- 
ucts as they were obtained on the market 
and that of materials—water, 
aqueous solutions of salt and acetic acid, and 
a number of foods—heated in aluminum 
pans. Of particular interest is the following 
experiment: Into a new aluminum saucepan 
of 3-liter capacity, the author introduced 
750 gm. of meat, 950 gm. of white cabbage, 
900 gm. of potatoes, and 30 gm. of salt, 
to which 2000 ml. of water was added and 
the whole cooked for three hours. Then the 
entire contents were emptied into an enamel 
dish, without cleaning the saucepan 
thoroughly. Two days later the contents of 
the enamel dish were divided into five por- 
tions of 500 gm. each and one of 440 gm. 
The aluminum pan was freed thoroughly of 
all adhering food with a rubber spatula and 
about 100 gm. of water, and this material 
was analyzed separately. The results were 
as follows: 
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In the five 500 gm. portions .... 17.2 mg. Al 

In the 440 gm. portion 
* In the remnants in pot 

Total 23.4 mg. Al 

On the basis of his analyses of raw prod- 
ucts he expected to find 

From 900 gm. potatoes 

From 750 gm. meat 

From 950 gm. white cabbage ... 5.7 mg. Al 

Total 25.1 mg. Al 
The fact that this cooked food contained no 
more aluminum than did the raw substance 
is explained by the large mass of food in 
relation to the surface area of the pan, the 
almost neutral reaction, the colloidal nature, 
and the high phosphate content of the food. 

In another publication, two years later,?“° 
Lehmann reported the results of an experi- 
ment based on the use of two aluminum 
vessels of different quality: one, a pot of 
good quality used only two or three times, 
but somewhat darkened; the other, a new 
cheap pot, and very shiny. Into these he 
put 253 gm. and 261.5 gm., respectively, of 
tomatoes, to each of which 5 ml. of 5% 
acetic acid and 5 gm. of salt were added. 
After 18 hours, he found 0.65 mg. of alumi- 
num in the one, and 1.07 mg. in the other. 
Two hundred fifty grams of fresh tomatoes 
(control) yielded 0.62 mg. of aluminum. 
Thus, the one batch of tomatoes took up 
virtually no aluminum; the other, less than 
0.5 mg. 

The concentrations of aluminum in foods 
cooked in utensils of this metal, then allowed 
to stand in them for various lengths of time, 
were also found to be of. relatively low 
order of magnitude (from 2.6 to 19.74 ppm), 
even in somewhat acidic foods.1°%319.499 Only 
a combination of acid fruit, vinegar, and 
salt yielded a notable quantity of aluminum 
(1153 ppm) after 20 days of storage. 
In view of the apparent fact that in these 
experiments the foods were left in open 
containers at room temperature, the condi- 
tions would scarcely apply to general prac- 
tice, and for this reason the results are not 
tabulated. 

Of interest in this connection is a_re- 
port '** that the cavalry of the British Army 
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had used an aluminum water bottle in which 
was placed sodium bisulfate, giving the 
water a pH value of 3 and making it sterile. 
Depending upon the period of contact, this 
water contained concentrations of aluminum 
up to 17 ppm. The men who used these 
bottles were said to have had no more gastric 
or other disturbances than those who had 
used the enameled iron bottle. 

Investigations of greater significance are 
those in which foods have been cooked in 
duplicate lots—one in a glass vessel, the 
other in aluminum—as was done by Beal 
and his co-workers at the Mellon Institute.** 
These were the more valuable because the 
periods of cooking corresponded closely to 
those in actual practice. The data are given 
in Table 6 for comparison with those ob- 
tained under other conditions. They need 
not be commented on here in detail. Those 
derived from foods processed in glass are 
considered to represent essentially control 
values in relation to cooking. The findings 
indicate that the amounts of aluminum taken 
up by neutral foods in clean utensils are 
insignificant; that acid foods, or those to 
which baking soda has been added, dissolve 
small amounts of aluminum; that dark 
(stained) utensils yield more aluminum to 
foods than do bright ones, but probably 
only in proportion to the quantity of the 
stain, and that sugar acts as a retardant of 
aluminum uptake. The largest amount found 
was that in apple butter, cooked for six and 
one-half hours. 


Only a few additional experiments of this 
type have been reported.1%:1%1.261,319 Tn one 
of them 1 it is pointed out that certain raw 
products contain much higher concentrations 
of aluminum than are found in the cooked 


It is somewhat difficult to make exact 
comparisons of these data, since the alumi- 
num in the cooked products is expressed 
in terms of the weight of the samples, while 
that in the raw products is based upon their 
dry weight. For instance, dry spinach (raw) 
was found to contain 242.5 to 604.9 ppm, 
while there were 15.2 and 39.5 ppm in two 
batches cooked in glass and 17.8 and 49.6 
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ppm in those cooked in aluminum. Without 
exact knowledge of the amount of water 
used, and the subsequent moisture content, 
it is impossible to establish any relevant re- 
lationship. In the case of spinach and other 
leafy vegetables, as well as root vegetables 
to which soil and dust may adhere, the de- 
gree of washing and the inclusion or exclu- 
sion of outer leaves and coverings may make 
a gross difference, and this variable may 
introduce apparent variations in the distri- 
bution of the element in different parts of 
the plant. Thus, when separate results have 
been obtained on pared potatees and peel- 
ings, much higher values have been found 
in the latter. According to recent analyses,'™ 
pared potato contained aluminum in concen- 
trations ranging from 1.8 to 2.2 ppm, while 
the peelings contained 238 to 308 ppm on 
the fresh basis (or 9.2 to 11 ppm and 1450 
to 1880 ppm, respectively, in dry material). 
In another experiment’ there were 
“traces” and 146.7 ppm in the respective dry 
substances. These differences seem unduly 
large and may have been due to insufficient 
scrubbing of the surface. It appears, how- 
ever, that there is some selective distribution 
of aluminum within this root, whereby the 
skin is favored. 

Not much information is available on the 
concentrations of aluminum taken up by raw 
milk products under conditions that occur 
on the farm, in the creamery, or in the 
pasteurizing plant. According to one analy- 
sis, the aluminum content of milk six hours 
after milking, 0.07 ppm, was increased to 
0.67 ppm after its pasteurization in labora- 
tory apparatus made of this metal.**° Al- 
though no separate determinations of the 
aluminum content of cream stored in cans 
made of aluminum, stainless steel, new 
tinned steel, rusty tinned steel, and glass are 
reported in recent observations,'** no ap- 
parent differences in the content were found 
among the lots analyzed after periods of 
storage ranging up to four days. The con- 
centration found was 7.75+5.35 ppm 
(average of 62 samples). This is attributed 
to the fact that the milk was carried 
from the dairy barn to the laboratory in 
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aluminum and tinned cans. The use of a 
glass container for the latter purpose would 
have given better information in respect to 
the possible uptake of aluminum during 
storage in cans made of this metal; yet it is 
significant that the cream kept in such cans 
for several days differed insignificantly in its 
aluminum content from that kept in cans 
made of other metals or of glass. Of interest 
also are the concentrations of metals found 
in the butter from these lots of cream, which 
were neutralized and churned on the fifth 
day. Just as the iron content was found to 
be about half that of the cream, the alumi- 
num concentrations averaged only 1.52 ppm. 
The latter are said to have been variable 
(many samples showing only traces), but 
there was no definite trend in relation to the 
different types of cans. This agrees with 
the values found in another experiment of 
this type.4 Even at high acidity (0.83%), 
aluminum was found in the low concentra- 
tion of 2.4 ppm in milk stored in aluminum 
cans for 48 hours at room temperature ; acid 
cream so stored for 72 hours contained less 
than 1.2 ppm. The values at the start of 
the test were 0.84 and less than 0.1 ppm, 
respectively. 

It was mentioned earlier that the addition 
of sugar to acid foods materially decreases 
the amount of aluminum dissolved thereby 
from utensils made of this metal. Two ex- 
periments *°'-5? showed a relationship be- 
tween the acidity of fruit juice and the 
amounts of aluminum taken up by it, and 
they also demonstrated that the addition of 
sugar reduced the uptake of aluminum in 
proportion to the quantity of sugar added. 
Under the conditions of the experiment 
(bringing to a boil and simmering in the cov- 
ered pan for 30 minutes) the average amount 
of aluminum dissolved in wrought utensils by 
unsweetened juices was 23.9 ppm and in 
cast utensils 39.1 ppm; the corresponding 
values obtained with sweetened juices were 
13.3 and 29.6 ppm, respectively.**? 

Comment. — The analytical findings of 
Cholak * raise some interesting considera- 
tions. The range of the concentrations of 
aluminum in this large series of foods is 
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generally low. It must be borne in mind 
that these results are expressed in terms of 
the weight of the product as such, rather 
than on the basis of dry weight. 

In examining the data obtained by the 
analyses of foods that have been prepared 
in aluminum, the composition and quantity 
of a representative meal may be considered. 
Whether roast beef prepared in glass is 
chosen or ground beef fried in an aluminum 
pan, about the same quantities of aluminum 
are involved, the concentrations in the for- 
mer being 1.15 ppm as against 1.20 ppm 
in the latter. If instead of mashed potatoes 
cooked in aluminum (1.8 ppm) a baked 
potato (10 ppm), cooked without contact 
with an aluminum utensil, is selected, almost 
six times as much aluminum will be ingested 
because of the choice. Raw cabbage would 
give 1.3 ppm, or green canned lima beans 
2.05 ppm, whereas canned green beans or 
fresh brussels sprouts boiled in an aluminum 
pan contributed 2.8 and 1.65 ppm, respec- 
tively. Within this class of vegetables, spe- 
cial attention may be called to asparagus. 
Canned asparagus heated in an aluminum 
pan might contain 3.2 ppm, while the fresh 
vegetable boiled in the same type of vessel 
might yield as much as 25 parts per million. 
This high value cannot be attributed entirely 
to the pH of this product, which is about 
5.4 to 5.8.75 The more logical explanation 
is that the canned product had given up 
surface dust (soil) to the liquor in which it 
was processed, whereas the fresh tips, even 
under careful laboratory manipulation, may 
well have retained particles of soil within 
the “blossoms” and scales. If the meal had 
started with soup, canned turtle soup, having 
had no known contact with an aluminum 
vessel, would have contributed 1.80 ppm, 
whereas canned cream of tomato soup heated 
in an aluminum pan might have yielded 1.65 
‘ppm. Among the “fruit,” only rhubarb 
prepared in aluminum (apparently without 
sugar) gives a relatively high value—15 
ppm. Cakes show consistently higher con- 
centrations, although only in the case of 
waffles is it specified that double-action bak- 
ing powder (containing aluminum) was 
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used, as well as an aluminum griddle; the 
concentration found therein was 260 ppm. 

Apparently recurrent propaganda against 
the use of aluminum utensils in Europe was 
responsible for a recent publication} in 
which the author emphasizes the fact that 
some foods prepared in utensils made of 
this metal may have lower concentrations of 
aluminum than do natural products. Yet in 
his conclusions he expresses doubt as to 
whether acid foods should be so prepared, 
warns against the use of baking soda in 
the cooking of green vegetables, advises 
against the use of alkaline cleansers, and 
urges people not to use a new aluminum 
pan without prior boiling out with water. 

Such precautions can hardly be carried 
out with uniformity in homes generally, and 
there is no reasonable justification for their 
promulgation. The mean quantities of alu- 
minum represented in the daily diet of 
adults, as reported by Kehoe and his asso- 
ciates, were obtained by the analyses of 
duplicate samples of the food eaten daily by 
two healthy American adults without ref- 
erence to culinary equipment and habits of 
the homes involved. Yet they were only 
17.31 mg.+S.D. 27.67 and 36.43 mg.+ 
S. D. 61.97. These, and a number of esti- 
mates or calculations arrived at by other 
inves.igators, are shown in Table 8. 

In a discussion on the safety of aluminum 
vessels, published in 1950, it is pointed out 
that much larger amounts than would ordi- 
narily come into question from the prepara- 
tion of foods in aluininum can safely be 
tolerated, but the suggestion is advanced 
that maximum allowable concentrations be 
fixed as follows: 20 ppm for fresh meat, 
poultry, and seafood and 100 ppm for the 
same foods processed or canned; 50 ppm 
for processed eggs, oils and fats, and alco- 
holic and nonalcoholic beverages; 250 ppm 
(dry basis) for processed foods and vege- 
tables, and 200 ppm (dry basis) for cereals, 
cheese, and confectionery products. There 
is no mention of the method whereby these 
determinations should be made, although in 
one discussion on the subject of tolerable 
limits for various metals the gravimetric and 
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volumetric procedures, depending on the 
quantities involved, are favored in the case 
of aluminum.’® The adoption of fixed limits 
for the concentration of this metal, which 
occurs in natural products to such a variable 
degree and is further augmented to such a 
variable extent by the contact of many vege- 
table products with ordinary soil, seems 
somewhat unrealistic. For example, it is 
very unlikely that the aluminum content of 
meats would be of any significance under 
any but extraordinary circumstances. In- 
deed, the analytical data available (see Table 
6) point to the occurrence of but small frac- 
tions of the proposed limit values, even in 
commercially processed foods,®> which may 
well have been exposed to handling equip- 
ment made of aluminum. It may be inferred 
that any such concern for the application of 
regulatory standards arises out of the in- 
creasing use of aluminum for food con- 
tainers, principally for vacuum-packed foods. 
Two relatively recent articles deal with the 
types of aluminum best adapted for use as 
containers.*:718 For cannery products in the 
pH range of 6.2 to 7.2, for most fish in oil, 
and for sweetened condensed milk ordinary 
aluminum serves well; for products of pH 
5.5, tuna and certain sardines in oil, and 
unsweetened condensed milk anodized alu- 
minum is recommended; for smoked her- 
rings and kipper snacks an alloy with 1.25% 
of manganese may be used; for vegetables 
varnished cans (with the addition of a 
small amount of calcium chloride to relieve 
corrosion by foods high in oxalic acid) are 
suitable, and for stews and smoked ham 
products as well as for fruits anodized and 
varnished cans are advised. 

At the present time there are but few 
analytical data on products stored in alu- 
minum containers. Lunde,28* who deter- 
mined the concentrations in fish foods 
canned in aluminum, considered them to be 
within levels comparable to those of raw 
products. Actually, the values found are 
comparatively high, probably because of the 
use of the gravimetric method of analysis. 
Unfortunately, the products were not ana- 
lyzed before being stored. Proper specifica- 
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tions or recommendations for the type of 
aluminum to be used in canning various 
foods would diminish the likelihood of an 
excessive uptake of the metal by the food. 

No data are available concerning the pos- 
sible introduction of aluminum into food 
from foil used as packaging material or as 
a wrapping for meats and poultry in the 
oven or for raw vegetables and leftover 
foods in the home refrigerator. In view of 
the appearance and the durability of foil 
used for such purposes, however, it is un- 
likely that the quantities involved are sig- 
nificant from either the chemical or the 
physiological viewpoint. Direct contact of 
the foil with liquid materials of high acid 
and salt content may, obviously, result in 
attack upon the metal. In the United States, 
the Food and Drug Administration guards 
closely the acceptability of the interior coat- 
ings for food containers and packaging 
materials,?** giving consumers further as- 
surance that negligible quantities of the basic 
metal will be introduced into food and that 
no hazardous contamination by coatings or 
any other lining materials will result. 

in its general aspects, a statement made 
in 1932 with respect to the hygienic problem 
of aluminum in food still stands: “Fortu- 
nately the widespread interest which the 
possible danger of aluminum in food has 
aroused has led to investigations by workers 
of the highest standing whose considered 
opinion, apart from their experimental re- 
sults, should be a sufficient guide for 
others.” ®§ The opinion that aluminum cook- 
ing vessels offer no danger to health has been 
expressed by numerous authorities and of- 
ficial agencies, 
364,449,463,499 a: well as by leading pharma- 

The American Medical Association has 
expressed itself on the safety of the use of 
aluminum for the preparation of food,?*?* 
and in 1951 its Council on Foods and Nu- 
trition published its opinion that “the use 
of aluminum cooking utensils is in no way 
injurious to health.”’* The Medical and 
Scientific Director of the American Cancer 
Society has recently added his assurance that 
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there is no evidence to suggest that the use 
of aluminum cooking utensils can cause 
cancer."! Finally, in a recent editorial in the 
Quarterly Bulletin of the Association of 
Food and Drug Officials of the United 
States *° assurance is given that on the basis 
of pharmacologic data “aluminum com- 
pounds are harmless when ingested even 
when the administration is continued over 
long periods, and the casual introduction 
of aluminum to foods prepared in aluminum 
cooking utensils loses practical significance.” 

Summary.—Aluminum is present in man’s 
natural diet, ranging from extremely low 
concentrations, particularly in foods derived 
from animals, to relatively high values in 
certain plant products. Some of the early 
analytical results must be regarded as unduly 
high, not only because of the inadequacies 
of the analytical methods employed but also 
because of sources of contamination in the 
reagents and equipment and in the samples 
themselves. 

The amounts of aluminum that may be 
added to foods by utensils made of alumi- 


num in the process of cooking have been 
studied by numerous responsible investiga- 


tors. It has been found that the amounts 
extracted during contact with neutral foods 
are negligible. Acid foods exert some degree 
of solvent action upon aluminum, but this 
effect is greatly diminished by the presence 
of sugar. Foods that are alkaline or are 
made alkaline by the use of soda in cooking 
also attack aluminum. The complex phys- 
icochemical system that is represented in 
the composition and structure of foods gen- 
erally serves to inhibit the chemical attack 
of the acids, alkalies, and salts contained 
in the food upon metallic containers, includ- 
ing those made of aluminum. 

From all reported data it is evident that, 
except for a few isolated instances, the con- 
centrations of aluminum in foods after be- 
ing cooked in aluminum fall well within the 
ranges of concentrations found in raw prod- 
ucts. Moreover, those that go beyond this 
range fall short of physiologic significance. 

In viewing the reported concentrations of 
aluminum in food products, it must be re- 
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membered that they refer to material that 
had been cleaned and handled carefully in 
the laboratory. It is on the basis of these 
values that most of the estimates of the daily 
human intake of aluminum have been made. 
Only two sets of values listed in Table 8 
are derived from analyses of food compar- 
able in composition and quantity to that 
freely chosen and consumed by ordinary 
human adults, the samples analyzed being 
exact duplicates of meals preparea and eaten 
in an ordinary modern American household. 
Even so, except for the highest estimate,?*7 
which was based on earlier analyses, all are 
in fairly close agreement. This fact indicates 
that the factors whicn influence the content 
of aluminum in human food, while numer- 
ous and variable, tend, by their commonness 
and variety, to yield a fairly uniform com- 
posite result. Despite such appearances, 
however, the results reported by Kehoe,*** 
*44 as well as the data obtained on the differ- 
ences in the aluminum content of certain 
processed foods, as compared with raw 
foods,** suggest the likelihood that larger 
variations in the actual intake would occur 
in a larger group of persons of more varied 
dietary habits. That is, persons who depend 
mainly upon canned or frozen foods may be 
expected to ingest relatively small quantities 
of aluminum, even if all the food is subse- 
quently cooked in aluminum pans (since the 
product will have been subjected to careful 
washing as well as preliminary processing ) 
than do those who eat mainly fresh fruits 
and vegetables. Finally, persons who bring 
fresh fruits and vegetables from their gar- 
dens into their kitchens and subject them 
to merely cursory washing, safe in the 
knowledge that only “mother earth” had 
touched them, are likely to ingest rather 
Jarge amounts of aluminum. 


VI. Aluminum in the Body 


Under ordinary circumstances, aluminum 
and its compounds enter the body by various 
routes, each of which, under certain condi- 
tions, provides some portion of the total 
which is absorbed into the tissues of the 
body. The digestive tract is probably the 
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principal route, because of the quantities of 
aluminum taken in regularly with food and 
beverages. Additional quantities of alumi- 
num, inhaled mainly as soil dispersed in the 
atmosphere, are trapped or otherwise de- 
posited in the upper respiratory tract and 
in the nasopharynx, and much of this may 
be swallowed. Still further quantities gain 
entrance to the alimentary tract from time 
to time because of the use of certain salts 
of aluminum in the medical treatment of 
digestive disorders. Finely divided alumi- 
num compounds in the general atmosphere 
and in that of certain industrial establish- 
ments are inhaled and, dependent on the size 
of the particles, some proportion of that 
thus inhaled is retained within the finer 
passages and alveoli of the lung. Some of 
that which is so retained within the lungs, 
as well as some portion of that which comes 
in contact with the respiratory tract, is prob- 
ably absorbed. Although the alimentary and 
respiratory tracts constitute the primary 
avenues for the absorption of aluminum into 
the body, small quantities may gain entrance 
through the subcutaneous or intramuscular 
injection of therapeutic agents containing 
aluminum. Minute quantities of aluminum 
are absorbed through the skin, in all likeli- 
hood, when aluminum compounds are ap- 
plied externally in the treatment of burns 
and other cutaneous disorders, but the actual 
extent of such absorption is probably neg- 
ligible, in the quantitative sense. 

The sources and fate of aluminum com- 
pounds which find their way into the ali- 
mentary and respiratory tracts (and into 
the subcutaneous tissues by injection) may 
be sketched briefly, the former factually, in 
the main, the latter largely by inferences 
derived from the known behavior of other 
metallic compounds. 


A. Aluminum Taken into the Mouth.— 
Quantities Commonly Ingested: Aluminum 
is ingested from two principal sources: (1) 
that which occurs naturally in foodstuffs, 
culinary water, drinking water, and other 
beverages (see Tables 6 and 7); (2) that 
which is added during the handling and 


Campbell et al. 


processing of foods and beverages and in 
their preparation for consumption. 
Many of the experiments undertaken to 
learn the sources and extent of the ingestion 
of aluminum with the diet were reviewed 
and summarized up te 1933.5 These ob- 
servations were made, as a rule, before 
analytical methods had reached their present 
specificity and accuracy. Apparently, as 
more specific and precise methods have been 
developed and employed, the amounts of alu- 
minum found in the ordinary diet have 
decreased. Taking the available data as they 
are, however, it would appear that the quan- 
tities of aluminum in the diet of the ordinary 
adult, including amounts derived from alu- 
minum utensils, range from less than 10 
mg. to about 100 mg. of aluminum per day. 
The sources of this aluminum in the diet 
have been investigated.1!% 19,269,307, 455,499,503 
For more detailed information concerning 
the aluminum content of foods and bever- 
ages consult Chapter V of this report. 
Unusual Quantities 


Administered by 
Mouth Experimentally: 


Experiments de- 
signed to investigate the immediate toxicity 
of aluminum for experimental animals 
through the oral administration of various 
of its compounds have had to contend with 
two troublesome obstacles—the relative in- 
solubility of many of these compounds, on 
the one hand, and the complicating effects 
of the acid radical of certain of the soluble 
salts, on the other. Briefly to summarize 
the results, the lethal dosages of the acetate 
and the chloride for experimental animals 
appear to lie between 5 and 15 gm. per kg. 
in the case of the former and between 1 and 
3 gm. per kg. in that of the latter.4 
Anhydrous sodium alum also has a low 
order of toxicity, the lethal oral dose for the 
rabbit being approximately 2 gm. per kg.?4® 
A mixture of insoluble aluminum phosphates 
(35% normal phosphate and 65% pyrophos- 
phate) can be administered by stomach tube 
to rabbits up to the limit of feasibility, with- 
out inducing harmful effects.2*° Since the 
aluminum content of the acetate is much 
greater than that of the chloride, it is ap- 
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parent that the toxicity of these two com- 
pounds does not depend entirely upon their 
aluminum content, the toxic effect being due 
in some indeterminate but considerable de- 
gree to the acid radical. The matter is of 
academic, rather than of practical, interest, 
in view of the low toxicity of these com- 
pounds. It is of some importance, however, 
to recognize that injurious effects can be 
induced by the sudden introduction of very 
large doses of soluble aluminum compounds 
into the alimentary tract, since this fact, 
demonstrable experimentally, is in such 
striking contrast with general medical and 
human experience with aluminum com- 
pounds. Of greater significance is the fact 
that no delayed or chronic form of alumi- 
num poisoning has been observed or de- 
scribed in connection with the many and 
extensive investigations of the effects of 
feeding aluminum compounds to animals 
and man. 


As suggested above, numerous investiga- 
tions have been concerned with the human 
absorption of quantities of aluminum well 
above the usual dietary range.4164,242,275, 
364,383,398,453,458,497 J aboratory animals used 
to extend this type of information include 
guinea pigs, 
893 mice,286492 pigs, 28,201 
and dogs.196326,364,452,457,497 Tn the common- 
est type of animal experiments a compound 
of aluminum was administered orally at 
regular intervals or added to the food in 
known quantities over a definite period of 
time, during and after which the aluminum 
content of the blood and urine, and often 
that of the tissues of killed animals, was 
determined at intervals. An alternative pro- 
cedure, applicable to human subjects, has 
been that of measuring the total intake of 
aluminum by mouth and the total elimination 
of aluminum in the urine and feces. A less 
elaborate, but unfortunately faulty, form of 
experimental procedure has consisted of de- 
termining the output of aluminum in the 
urine and feces during a period of oral 
administration, disregarding the influence of 
the quantities which occur in the diet during 
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such a period. Under these experimental 
conditions, a slight increase, or an apparent 
increase, in the concentration or output of 
aluminum in the urine has been interpreted, 
erroneously, as evidence of the absorption 
of some of the administered aluminum. 

A common finding of the first type of 
experiment has been the lack of any sig- 
nificant increase in the concentration of alu- 
minum in the blood or urine, following the 
administration of large quantities of alumi- 
num compounds.!** This is consistent with 
the results of balance experiments on human 
subjects, in which apparently all of the alu- 
minum taken in by mouth was found in the 
feces. The facts have not been established 
fully under varied experimental conditions, 
such as the use of a representative variety 
of specific compounds of aluminum, but the 
available evidence demonstrates that a num- 
ber of aluminum compounds are very poorly 
absorbed, if at all, following their admin- 
istration orally to experimental animals and 
men. Some representative results on man 
are presented in some detail in the following 
section. In view of the occurrence of alu- 
minum in animal and human tissues, albeit 
in minute concentrations, it is evident that 
some aluminum is absorbed from some 
source, and it seems highly probable that 
some of this enters the tissues by way of the 
alimentary tract. 

No aluminum (within the limits of an- 
alytical sensitivity) was found in the blood 
of four individuals who had ingested the 
large quantity of 1000 mg. of aluminum 
(for not stated) per day for “several” 
days.*°* A healthy human subject gave no 
evidence of having absorbed a compound of 
aluminum fed in his diet at levels of about 
300 mg. per day for nine weeks and about 
145 mg. per day for another period, of eight 
weeks.*#2 The concentration of aluminum 
in the blood and urine of this person under- 
went no increase during the periods of ele- 
vated intake. Moreover, between 81% and 
91% (95% confidence limits) of the 300 
mg. and 88% and 110% of the 145 mg. of 
the aluminum taken in daily was evacuated 
from the digestive tract. 
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Other experiments have been reported in- 
volving 19 persons, in which after the 
ingestion of from 100 to 970 mg. of alumi- 
num per day (as alum baking powder 
residue, AlCl; or Al(OH)s3), over periods 
of 70 to 118 days, between 95% and 102% 
of the total quantities ingested was found 
in the 

In another experiment, 89% of a single 
oral dose of about 540 mg. of aluminum 
[as Al(OH)s3] was eliminated in the feces 
in two days, and 98% of a second similar 
dose was so eliminated in the subsequent 
four days.4%* One investigator has offered 
dubious evidence of the absorption of alu- 
minum by a man who had taken meals rich 
in aluminum. The reported elevation of the 
concentration of aluminum in the blood 
cannot be accepted as significant.*** 

Other investigators found no significant 
differences between the levels of concen- 
tration of aluminum in the blood of a group 
of normal adults and those of a correspond- 
ing group undergoing oral therapy with 
large amounts of aluminum as aluminum 
hydroxide or aluminum 

Further evidence of the slight or negli- 
gible extent of the alimentary absorption 
of aluminum is found in experiments on 
laboratory animals. In one experiment, four 
generations of rats were fed on diets con- 
taining 8 mg. of aluminum (as potassium 
aluminum sulfate) per kilogram of body 
weight. In no instance did the tissues from 
the rats of these four generations contain 
significantly higher concentrations of alu- 
minum than did the corresponding tissues 
from control rats.*2* Another group of 
growing rats was fed on a diet which con- 
tained aluminum in the concentration of 
1000 ppm (as decomposed baking powder 
containing calcium phosphate and sodium 
aluminum sulfate) over a period of 12 to 
16 weeks.2 Analyses of tissues from the 
control and aluminum-fed rats yielded no 
significant differences in the aluminum con- 
tent of the corresponding organs of the two 
groups. The aluminum fed to the rats was 
recovered completely (within the limits of 
experimental error) in the feces collected 
Campbell et al. 


over a period of 7 to 12 days.” In a third 
experiment, after growing rats had been fed 
for three months on a diet containing alu- 
minum (as AICls.6H2O) in the concentra- 
tion of 600 ppm the levels of concentration 
of aluminum in their tissues were the same 
as those in the tissues of controls.*47 Similar 
results have been reported by other investi- 
gators, even with a diet containing 1.7% 
of aluminum (as aluminum phosphate ).*** 
291,303 

To each of a group of dogs, one of the 
following—3.2 to 6.4 gm. of potassium- 
alum, 4.5 gm. of aluminum sulfate, or a 
quantity of aluminum acetate equivalent to 
0.125 to 0.25 gm. of aluminum oxide—was 
fed daily for several weeks, and the alumi- 
num was recovered completely in the feces. 
No retention of aluminum in the tissues of 
dogs could be demonstrated; nor was there 
any elevation of the concentration of alu- 
minum in their urine during or following 
the feeding of 0.3 gm. of AICls.6H2O to 
them daily for 8 to 13 months, or of com- 
parable daily dosages of Al(OH); for 10 
to 15 months.*°* No absorption occurred 
following the injection of aluminum into 
experimentally prepared loops in different 
parts of the intestines of dogs.5** Experi- 
ments are cited *** in which dogs were fed 
529 mg. of aluminum (as hydroxide) daily 
for one year, during which time all of the 
ingested aluminum was eliminated in their 
feces and no absorption of aluminum was 
demonstrated. One group of investigators 
has suggested that dogs absorbed small 
amounts when the diet contained elevated 
amounts of aluminum. However, the limited 
evidence in support of the suggestion is 
unacceptable in the light of the wide varia- 
tion of the analytical results and the over- 
whelming weight of evidence to the contrary. 
The blood of the dogs did not show any 
significant increase in concentration.*5?-457 

The preponderance of experimental re- 
ports on man and other animals are in 
agreement that various compounds of alu- 
minum, when taken into the body by mouth 
in even large quantities and over long pe- 
riods of time, are insignificantly absorbed. 
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Some of the data which appear in the earlier 
literature imply that alimentary absorption 
has occurred, but these are highly question- 
able and have not been confirmed.***4% 
(For data pertaining to intravenous injec- 
tion see the section on Distribution in this 
chapter.) The analytical methods used in 
early experiments were inadequate to deter- 
mine the minute amounts of aluminum pres- 
ent in body fluids and tissues. They tended 
to err on the high side.**?9421 

B. Aluminum in the Alimentary Tract.— 
There is evidence to indicate that aluminum, 
as well as certain other metals (e. g., calcium 
and magnesium) taken in with the diet, 
reacts with some of the phosphate present 
in the alimentary tract. The following is a 
simplified example. 

NagHPO,4+ NaH2PO,] 
=2AIPO,+3NaCl+ 3HCl 

This binds a portion of the phosphate in 
the diet so that it passes unabsorbed through 
the bowel. Aluminum compounds, even in 
solution, do not ionize readily to release the 
Al*+*+* ion, and so it is likely that only a 
portion of any aluminum present in the 
digestive tract is free to combine with phos- 
phorus.**° When the aluminum in the diet 
amounts to more than 200 mg. per day (a 
situation that would occur only rarely from 
dietary variations but may well occur occa- 
sionally under experimental or therapeutic 
conditions), a measurable portion of the 
phosphates in the diet may be bound by the 
aluminum in the digestive tract and passed 
out with the feces. It has been shown, how- 
ever, that quantities of aluminum roughly 
25 to 50 times those commonly present in 
the diet, administered daily (as much as 
1118 mg. of aluminum [as Al(OH)s3] and 
970 mg. of aluminum [as AICl3]), are in- 
sufficient to so combine with the alimentary 
phosphates as to deprive the body of its 
necessary supply of phosphorus, 

In one experiment, eight human subjects 
ingested from 65 to 260 mg. of aluminum 
daily for 130 days without showing any 
change in the urinary phosphate or in the 
phosphorus to nitrogen ratios.** There was 
a measurable but physiologically insignifi- 
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cant decrease in the phosphorus in the urine 
in six subjects that had taken in from 223.6 
to 1118 mg. of aluminum daily over a period 
of 70 days. Six additional persons, fed tor 
shorter periods of time on a diet containing 
about 225 mg. of aluminum per day, showed 
a slight decrease in phosphorus in their 

In another experiment, the phosphorus 
content of the urine and feces of six persons 
was followed and found to be unchanged 
when the daily diet contained 100 or 149 
mg. of aluminum (as sodium aluminum sul- 
fate). However, at daily levels of 209 mg. 
and 298 mg. of aluminum there was 10% 
to 25% deflection of phosphorus from the 
urine to the feces. The experiment was con- 
tinued, using sodium aluminum sulfate, alu- 
minum hydroxide or aluminum chloride in 
daily dosages above 227 mg. (of Al) over 
periods of 6 to 40 days in each instance. 
The sulfate and the hydroxide induced a 
decrease of the phosphorus in the urine and 
a proportional increase in the feces to the 
extent of about 20%. The chloride induced 
smaller changes of the same type. Despite 
this change in the route of some of the die- 
tary phosphorus, it was found that the total 
elimination of phosphorus was no more than 
that taken in. In order to check whether 
only the route of elimination of phosphorus 
was changed or whether phosphorus nor- 
mally required in tissues and fluids was 
being drawn upon, two human subjects were 
fed. on low-phosphorus-containing diets. 
They were given 540 and 660 mg. of alumi- 
num [as Al(OH)s] per day, respectively. In 
both instances the urinary phosphorus de- 
creased and the fecal phosphorus increased, 
but the total elimination of phosphorus by 
both routes was unchanged as compared with 
that of a control period.4#? When aluminum 
was ingested as aluminum phosphate gel in 
quantitie> up to 650 mg. per day, the feces 
gave evidence of the additional phosphate 
but the urinary excretion of phosphorus con- 
tinued at its previous level.248 The smallest 
quantities of aluminum (greater than 200 
mg. of aluminum per day) which led to a 
decrease in the absorption of phosphorus 
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from the alimentary tract were roughly 5 
to 10 times greater than those which occur 
commonly in the daily diet. 

Other experiments, wherein human sub- 
jects were given excessive quantities of alu- 
minum hydroxide by mouth (240 ml. per 
day as compared with the usual dosage of 
less than 100 ml.), have shown the change 
in the route of elimination of inorganic 
phosphate from the urine to the feces.1*°7** 
Organic phosphorus may also combine with 
aluminum in the digestive tract.** 

Observations on laboratory animals have 
yielded results in conformity with those 
obtained through the use of human subjects 
and have brought to light other aspects of 
the affinity of large amounts of alumi- 
num for phosphates. Young domestic 
pigs given 0.8 to 14 gm. of aluminum 
[as NaAl(SO4)3] in the diet daily for 6 
to 11 days (or about 10,000 ppm) did not 
show a significant reduction in their urinary 
phosphorus.?*® Similar results were obtained 
with equivalent amounts of aluminum 
as aluminum phosphate. A diet contain- 
ing large quantities of aluminum [5% of 
Ale(SO4)3.18H20, or Al about 4045 ppm] 
caused a decrease of the inorganic phos- 
phorus in the blood serum of rats along with 
a resultant iower mineral ash content in a 
long bone (femur) *** and a diversion of 
phosphorus from the urine to the feces.?* 

The experimental introduction of alumi- 
num into the diet in concentrations (about 
1400 ppm) sufficient or more than sufficient 
to combine with the total phosphorus has 
been found to lower, markedly, the inor- 
ganic phosphorus level in the blood and 
bones of guinea pigs,®**®* of rabbits (their 
urine contained practically no phosphorus 
after nine days),®* and of baby chicks (they 
developed severe “rickets”).1°* Puppies 
were shown to have suffered a loss of phos- 
phorus from the body while being fed on a 
low-phosphorus-containing diet and given 
large quantities of aluminum hydroxide 
(100 or more mg. of aluminum per kilogram 
of body weight daily) 

Certain experiments have provided evi- 
dence that even very large quantities of alu- 
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minum in the human diet fail to interfere 
with the assimilation of such food compo- 
nents as protein, carbohydrates, and fats.** 
188,415,498 (Corresponding results have been 


obtained in experiments with animals 
(dogs and rats 7°), 

Investigations concerned with the possible 
effects of aluminum upon digestive enzymes 
and upon various functions of the digestive 
tract have been carried out on man,?-5®127, 
296,325,383,384,415 dogs 284 and 
rats,391-408 as well as in 
$84,387,415.443 The more significant findings 
in these investigations are related to ele- 
vated quantities of compounds of alu- 
minum [Al(OH); and AIPO, gels, also 
basic aluminum carbonate (approximately 
AlsOs.CO2)| which have been used exten- 
sively in the treatment of certain disorders 
of the digestive tract (essentially local ther- 
apy involving little or no absorption of 
aluminum ) '*7:!# (see Chapter VII, Uses of 
Aluminum in Medicine). They are noted 
briefly as follows: 

After the administration of medicinal 
amounts (starting with approximately 10 
to 100 times the quantities of aluminum 
found in the daily diet), the protein-digest- 
ing enzyme of the stomach, pepsin, was 
inactivated (but not destroyed) in varying 
degrees, depending upon the concentration 
of Stomach acid- 
ity was decreased without upsetting the 
acid-base balance in the Va- 
rious aluminum compounds, insoluble in 
water, were found to be soluble in the 
stomach and, to a less extent, in the intes- 
tines,74,296,325,383,384 There appeared to be 
no relationship between gastric acidity and 
the solubility of aluminum.**> The volume 
of gastric secretions was decreased 2:5%254 
or unchanged,':?** and the mucin secretion 
was increased.?7 

Pancreatic juice was found to be unaltered 
by aluminum hydroxide.*® Constipation, 
sometimes associated with the use of massive 
doses of aluminum gels, is considered to be 
due to their slightly astringent property. 
Some laxative effect is associated with the 
ingestion of aluminum salts which contain 
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sufficient quantities of the SO,~~ ion, the 
latter ion being responsible for the observed 
effect.?5% 

C. Injection of Aluminum into the Body. 

The question of the absorption of alumi- 
num after its injection into various tissues 
or body cavities has not been investigated 
systematically. Ample evidence has accumu- 
lated, however, to permit the conclusion that 
when aluminum is injected, whether under 
the skin, into muscle tissue, or into the 
peritoneal cavity, it finds its way from the 
site of the injection into various tissues and 
organs. Data obtained by the analysis of 
the tissues of a variety of laboratory animals 
have demonstrated the presence of signifi- 
cant quantities of aluminum in certain or- 
gans. Aluminum was retained particularly 
in the ventricular muscle of the heart fol- 
lowing the injection of aluminum hydroxide 
into the heart’s blood of guinea pigs. The 
aluminum content of the livers and spleens 
of these animals remained elevated for at 
least a year after the injections. No evi- 
dence of injury to the tissues was found 
at any time.’ Intraperitoneal injections of 
potassium aluminum sulfate into rats re- 
sulted in increased concentrations of alumi- 
num in their livers and blood.*?* Acute and 
even fatal poisoning may be induced by the 
injection of very large doses of salts of 
aluminum subcutaneously [the lethal dose of 
Ale(SO,4)3 for rabbits approximates 100 
mg. per kg.] or intraperitoneally (lethal 
dosages by this route of administration are 
apparently somewhat lower than those given 
subcutaneously ).4° Solutions of aluminum 
compounds can be injected intravenously 
only in very dilute forms (1% or iess), 
since at higher concentrations precipitation 
occurs in the blood stream, with the forma- 
tion of emboli. In consequence of this, fine 
dispersions of insoluble aluminum com- 
pounds have been employed, for the most 
part, in intravenous injections. Reference 
to experiments of this type will be made 
under Distribution Under Artificial Condi- 
tions. 

D. Topical Application—The extent of 
the absorption of aluminum compounds 
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through the unbroken skin of experimental 
animals and men has not been investigated 
in a satisfactory manner. Only a few re- 
corded observations bear on this subject, 
and they do not relate to the intact skin. 

The use of aluminum foil as a dressing on 
burns of the human skin has given no evi- 
dence of any systemic toxic effect.** No 
aluminum accumulated in the scavenger cells 
( reticuloendothelial cells) of patients whose 
burns had been treated with powdered me- 
tallic aluminum.1% 

E. Inhaled Aluminum.—There appears 
to be no experimental or clinical evidence 
that aluminum is absorbed within the lungs 
even under the conditions associated with 
the prolonged inhalation of aluminum and 
its compounds in the industrial atmosphere. 
That some absorption occurs slowly seems 
likely, but the quantities of aluminum found 
in human tissues other than the lungs and 
regional lymph glands have been insuffi- 
cient to demonstrate the occurrence of such 
absorption under ordinary circumstances,?** 
and comparably negative results have been 
obtained in the tissues of rabbits following 
the direct intratracheal injection of alumi- 
num.?*? 

Most of the reports on the inhalation of 
aluminum have been concerned with work- 
men in industries involved in processing 
aluminum or its alloys who are exposed 
regularly to mixed dusts containing various 
relatively insoluble compounds of aluminum. 
Such reports have been devoted principally 
to descriptions of clinical findings or the 
lack of them or to roentgenographic or 
microscopic examinations of the respiratory 
tissues and, particularly, of the lungs follow- 
ing the inhalation of dust-laden air known 
to contain aluminum. 
Many investigators (particularly in reports 
published before 1938) have called attention 
to certain changes in the lungs of exposed 
workmen. Minor changes, unassociated with 
disability, may be grouped together, for 
present purposes, in the category of tissue 
responses to “inert” particles of dust, or 
foreign bodies, rather than as evidence of 
significant disease 
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It was not until 1938, in fact, that alu- 
minum dusts were indicted as causative 
agents in the production of pulmonary irri- 
tation and fibrosis. The earliest findings of 
abnormalities in the lungs of workers with 
aluminum compounds were published by 
Doese and Goralewski.1!*1**1% The former 
reported the case of a spray painter who 
used aluminum paints for six months and 
whose lungs demonstrated marked anatomic 
changes. The latter described several cases 
of roentgenographic abnormalities in the 
lungs of workmen in a stamping mill, who 
had been exposed to dust containing high 
concentrations of both aluminum and copper. 
In all instances the atmosphere was known 
to have been excessively dusty, and physical 
and chemical factors other than the presence 
of aluminum were assumed to have exerted 
some (if not the major) effect.1**?% 

Descriptions of tissue abnormalities have 
been provided in detail by several other in- 
vestigators.?9*.237,247,.250 Tn no instance was 
it possible to determine the precise nature 
or the amounts of the materials to which 
the workmen had been exposed, and the 
authors differed in their descriptions of the 
tissues and their interpretations of the find- 
ings. Some investigators have attempted to 
attribute the development of isolated cases 
to the specific size of the particles involved 
or to various unspecified changes in coatings 
on the aluminum particles. Jaeger and 
Jaeger 28 have postulated that uncoated par- 
ticles of aluminum dust are ionized in the 
tissue fluids of the lungs and transformed 
into compounds that injure the cells. This 
hypothesis was not confirmed by the direct 
intratracheal injection of pure alumina into 
the lungs of rabbits, wherein only a massive 
“scavenger cell” reaction (such as can be 
obtained with any inert dust) was demon- 
strated.?” 

With the advent of the inhalation of 
aluminum ! for the prophylaxis and treat- 
ment of silicosis, the question of the develop- 
ment of “aluminosis” of the lung received 
greater and more specific attention. For a 
period of more than 10 years, hundreds of 
thousands of such treatments were admin- 
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istered to individuals with varying degrees of 
silicosis and to other persons with silicosis 
whose occupational exposure to harmful 
concentrations of silica dust was being con- 
tinued. Although the administration of 
aluminum (also aluminum oxide and alumi- 
num hydrate) was not continuous, relatively 
high concentrations of particles of small 
size were employed in such a fashion as to 
ensure delivery and deposition of the par- 
ticles into the bronchioles and alveoli. In 
no instance has there been a report of 
adverse tissue reactions among the persons 
who had taken daily treatments over periods 
of many years. Although it has been demon- 
strated that aluminum may stimulate the 
spread of tuberculosis in experimentally in- 
fected animals, no evidence has been ob- 
tained to suggest that the inhalation of 
aluminum dusts by human beings increases 
the incidence of, or susceptibility to, new 
tuberculous infection. Therefore, whether or 
not the specific entity “aluminum lung” as 
described by Médder and Schmitt #5 is in- 
deed a consequence of the inhalation of 
aluminum alone has not been confirmed and 
is Open to serious doubt, since other environ- 
mental factors have not been taken into 
account. 

In 1947, Shaver and Riddell 4% first 
reported a series of cases, on this continent, 
of “Lung Changes Associated with the 
Manufacture of Alumina Abrasives.” These 
authors reported a lung disease, similar to 
that described by Goralewski and others,®* 
181-185, 196,310,396,474 in 344 workers who were 
exposed to high concentrations of alumina 
and silica, both in a very fine state of divi- 
sion. Other unidentified materials were also 
known to exist in the working environ- 
ment. Of additional significance was the fact 
that in these operations the rate of produc- 
tion and the temperature at which the 
process was being carried out had been in- 
creased greatly just prior to the time that 
chest complaints were reported by the men. 

It would seem, from the foregoing para- 
graphs, that under certain conditions of 
exposure in industry where aluminum or 
certain of its compounds is present in the 
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atmosphere, a deleterious effect can be 
exerted upon the pulmonary epithelium. 
Whether or not the presence of aluminum 
is an important etiologic factor in the pro- 
duction of the disease is uncertain. 
The information available indicates that 
aluminum, aluminum oxide, and aluminum 
hydrate do not injure the pulmonary system. 

Summary.—Extensive though somewhat 
scattered evidence from human experience, 
supported by the results of experiments on 
laboratory animals, indicates that aluminum 
and its compounds are absorbed only slowly 
and slightly, if at all, from the respiratory 
membranes. Apparently, the quantities of 
aluminum absorbed from the respiratory and 
alimentary tracts combined, under ordinary 
environmental conditions or in those of the 
aluminum industries, are little more than 
traces (measurable only by highly sensitive 
analytical methods). That some slight ab- 
sorption occurs from one or the other or 
perhaps from both of these sources is 
proved by the presence of aluminum in ex- 
tremely small but measurable amounts in 


the tissues, organs, blood, and urine of man 
and other animals. There being no evidence 
to indicate that aluminum is retained within 


the body or any of its specialized tissues to 
any considerable extent (cf. Section F be- 
low), it may be assumed from the general 
level of the urinary excretion of ordinary 
individuals that a quantity of aluminum, per- 
haps as much as 100y of aluminum, may 
be absorbed from all sources daily. It is 
likely that some portion of that which 
occurs in the feces is also the result of a 
true excretion from the tissues into the 
alimentary tract. No estimate of this quan- 
tity can be made from available evidence, 
but it may be taken as reasonably certain, 
in view of the low and relatively uniform 
rate of the urinary excretion of aluminum, 
that the extent of the absorption of alumi- 
num is conditioned much more by the phys- 
ical and chemical characteristics of the 
animal organism (as a medium for absorp- 
tion) than it is by the amounts of alumi- 
num available for absorption within the 
respiratory or alimentary tracts. 
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F. Distribution of Aluminum in the Ani- 
mal Organism.—Distribution Under Or- 
dinary Environmental Conditions: The 
complete pattern of the normal or usual 
distribution of aluminum in the tissues of 
the mammalian organism, including that of 
man, has not been established satisfactorily. 
Among the reasons behind this situation, 
which include the difficulties associated with 
the determination of minute quantities with 
a high degree of precision, lies the fact that 
the stimulus, which might have been pro- 
vided by dire results from human experience 
with this metal and its compounds, has been 
lacking. With minor and only apparent 
exceptions, which have been or will be dis- 
cussed elsewhere in this text, there have 
been no episodes of acute or chronic poison- 
ing to arouse the interest of toxicologists 
and physicians and no cases of industrial 
poisoning to create concern among industrial 
hygienists. As to the analytical problem 
presented by the “trace” metals generally— 
difficult enough, in any case, because of the 
large quantities of organic material which 
must be eliminated by harsh, destructive pro- 
cedures before any analytical procedure can 
be applied—the minuteness of the quantities 
of aluminum available within human or ani- 
mal tissues, in sharp contrast with the great 
abundance of the element in the natural 
environment, has been baffling. The effective 
barriers to the absorption of aluminum at 
the portals of entry have been commented 
on previously, but the scantiness of such 
absorption is worthy of further note here 
because of the troublesome problem which 
it has created with reference to the determi- 
nation of the physiological pattern of the 
aluminum content of the various organs and 
When metallic compounds are 
absorbed readily, or even with moderate ease, 
into the body, the manner in which they 
distribute themselves within the tissues can 
often be observed to advantage by the intro- 
duction of significant quantities for absorp- 
tion through natural avenues. Traces in the 
tissues can often be converted thereby into 
significant quantities, with reasonable as- 
surance that physiological relationships have 
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been preserved, and with considerable 
augmentation of analytical precision. Such a 
procedure has been of little avail in the case 
of aluminum compounds, and, moreover, 
the injection of these compounds into the 
blood stream or beneath the skin cannot 
be counted on to provide the same type of 
distribution in the tissues as that which 
would result from slow absorption from the 
alimentary or respiratory tract. Indeed, one 
may assume that the intravenous injection 
of a soluble salt of aluminum will result 
in a dispersion of solid particles within the 
blood stream and that most of these particles 
will find their way fairly promptly into the 
reticuloendothelial system. That such an 
initial distribution is an artifact which bears 
no necessary or likely relationship to that 
built up slowly by the always low concen- 
trations which must be assumed to be gain- 
ing entrance to the blood stream and to the 
tissues from one or both of the natural 
avenues of absorption is apparent, and cer- 
tain of the experimental data (cf. below) 
tend to show that such is the case. 

The foregoing considerations point up the 
fact that the only acceptable information 
concerning the normal pattern of the dis- 
tribution of aluminum in the human body is 
to be found in the fairly meager results of 
analyses of the organs and tissues of persons 
whose exposure to aluminum has been of the 
normal (in the sense of the usual and 
incidenta!, as well as the natural) type. 
Various items of such available data are 
given in Table 9. The levels of concentra- 
tion in the various tissues, not all of which 
are represented, range from 0.004 to 0.5 
mg. per 100 gm. The data are much too 
meager to be representative, and conse- 
quently they must be regarded as merely 
scattered observations in a field yet to be 
explored. Moreover, they cannot be accepted 
as entirely reliable, if for no other reason 
than that the development of spectrographic 
techniques (which do not lack specificity but 
must be viewed critically on the score of the 
limitation in their precision) and the elimi- 
nation of contaminating reagents and inter- 


fering substances have yielded results 
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significantly lower than those provided by 
earlier and less specific methods of analysis. 
Some evidence has been submitted in support 
of the presumption that the aluminum con- 
tent of the animal organism increases with 
advancing age (man,** dog **), and it has 
also been estimated that the adult human 
body may contain between 50 and 150 mg. 
of aluminum.” Opinion on both ef these 
matters must be tentative. It may be said 
with assurance that human tissues, in so 
far as they have been investigated, contain 
minute but measurable quantities of alumi- 
num. As evidence of the source of such 
aluminum in the common environment of 
animal life, without special reference to arti- 
ficial factors that exert their influence upon 
man, are the data from many sources on the 


aluminum content of the tissues of the 
rat, the cat,?71 


the sheep,*°* the rabbit,?®* the 
horse,?79-308,424 the COW 271,308,330, 424 the guin- 
ea the mouse,?** the chicken,"!* and 
marine these animals, as 
was found to be a 
regularly occurring but small component of 
various tissues and organs. 

Distribution Under Artificial Conditions: 
Aside from the results obtained by the 
analysis of the tissues of animals to which 
compounds of aluminum have been admin- 
istered by injections of one or more types, 
there are but few data in illustration of the 
distribution of unusual quantities of alumi- 
num in the body. It would seem that some 
opportunity might have been afforded for 
the analysis of the tissues of deceased work- 
men in fairly close temporal relationship to 
prolonged employment in industries in which 
respiratory exposure to aluminum had oc- 
curred. This seems not to have been the 
case, and, on the basis of experiments in 
which animals have been subjected to the 
inhalation of aluminum compounds over 
comparatively brief periods of time, such 
analyses of human tissues might be expected 
to yield essentially negative results, with the 
exception of the lungs and the adjacent 
lymph nodes. In view of the factor of time, 


in man, aluminum 
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however, as well as that afforded by the 
extensive surface of the human _ lungs, 
opinion on this matter should be reserved. 
The same reservation may well apply to the 
results of experiments in which human 
subjects have ingested large quantities of 
aluminum over considerable but not greatly 
prolonged periods of time. Obviously, such 
experiments, as cited previously, have suc- 
ceeded in demonstrating that practically all 
of the ingested aluminum has traversed the 
alimentary tract without absorption, but the 
intrinsic errors of sampling and analysis are 
such as to defy conclusions with respect to 
the absorption or failure of absorption of 
small quantities. That the quantities must 
indeed be small is shown by the analysis of 
the tissues of guinea pigs fed for long 
periods on diets containing aluminum in con- 
centrations ranging between 25 and 1167 
ppm, in the form of the chloride or lactate.*** 
Some slight increase in the aluminum con- 
tent of certain organs was found in associa- 
tion with the higher dietary levels (700 
ppm and above) after prolonged feeding. 
(The analytical findings of these experi- 
ments are not altogether reassuring as to 
their complete reliability, because of the 
variability of the data on the brain and 
spinal cord in particular. Since other in- 
vestigators 745 have found only low concen- 
trations in the brain of rabbits even after 
intravenous injections of aluminum, the 
contamination of these tissues with alumi- 
num from extraneous sources suggests it- 
self as a distinct possibility.) The data of 
these experiments are consistent with other 
evidence of the slightness of the absorption 
of aluminum in the alimentary tract, but 
they contribute little to the portrayal of the 
distribution of aluminum in animal tissues. 

Some analyses have been carried out on 
tissues of the dog after the injection of 
aluminum compounds. Although these are 
not concerned with the usual routes of entry 
of aluminum into the body, they demonstrate 
certain changes in the distribution of alumi- 
num in the tissues of the dog following the 
introduction of relatively large quantities 
into the blood stream. Each of four dogs 
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was given an intravenous injection of 1 mg. 
of aluminum per kilogram of body weight on 
each of 10 successive days.4%* The dogs 
were killed 78 to 150 days after the last 
injection, and the concentrations of alu.ni- 
num in their tissues were compared with 
those in the corresponding tissues of five 
control dogs. The data show elevated con- 
centrations in the liver (the values remained 
at 6 to 16 times the control level over the 
150-day period), the kidney (about 2™% 
times the control concentrations at 78 days, 
gradually falling to 1% times the control 
values at 150 days), and the spleen (increas- 
ing with time to 22 times the control values 
at 150 days). No other tissue (including 
brain, lung, gallbladder, bile, pancreas, stom- 
ach, intestine, muscle, or gonad) showed any 
significant change in its concentration of 
aluminum, as measured by the rosolic acid 
(aurin) technique of analysis. In another 
experiment a dog was given 5 mg. of alumi- 
num (as potassium alum) intravenously on 
each of 2 days, followed by injections of the 
same dose into the abdominal cavity on 
each of the subsequent 12 days.9?® The dog 
was killed eight days after the last injection. 
Another dog was given 1 intravenous and 
13 intraperitoneal injections of 5 mg. of 
aluminum (as potassium alum) on consecu- 
tive days and was killed 34 days after tke 
last injection. Thus, each animal was given 
a total dose of 70 mg. The concentrations 
(expressed as milligrams of aluminum per 
100 gm. oi tissues) found in the tissues of 
the two dogs are compared with those found 
in control dogs as shown in Table B. 

The elevation of the concentrations of 
aluminum in the liver, heart, and kidney is 
evident and hardly unexpected, while the 


TABLE B 
Experimental Dogs, 
70 Mg. Al (as Alum) 
Normal Dogs 8 oll 34 Days 
n m njecti 
Blood 0.18 
Liver 0.08 to 0.31 2.25 0.87 
mae Hy to 0.17 2.00 0.60 
ney .03 to 0.14 1.56 
to 
Abdominal muscle va 4.38 1.15 
Abdominal skin va 5.64 0.90 
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values for the intestine and skin are open 
to question on the score of surface con- 
tamination, but the results recorded for the 
abdominal musculature are due in all prob- 
ability to local absorption and are hardly 
characteristic of the musculature generally. 
The persistence of relatively high concen- 
trations for 34 days is not as remarkable as 
the extent of the decrease. One investigator 
has reported that aluminum appeared in 
significant concentrations in the bile, lymph, 
and urine of dogs shortly after the intraven- 
ous injection of 1 or 2 or 10 mg. of alumi- 
num (as aluminum chloride) or 1 mg. of 
aluminum (as aluminum sulfate), per kilo- 
gram of body weight.*** The significance of 
the findings is rendered dubious by the ap- 
parent assumption on the part of this in- 
vestigator that these body fluids were free 
of aluminum prior to the injection. 

G. Excretion of Aluminum.—Little work 
has been done to clarify the pathways and 
mechanisms of the excretion of aluminum. 
A few data are available from observations 
made on man, the rat, and the dog which 
provide tentative conclusions regarding the 
main routes by which aluminum is elim- 
inated from the body. 

Excretion in Urine: The available evi- 
dence indicates that large doses of aluminum 
taken by mouth do not increase the excretion 
of aluminum in the urine. One investigator 
ingested about 540 mg. of aluminum (as 
hydroxide) on two occasions and could re- 
cover none from his urine after this large 
dose. No increase could be detected in the 
aluminum content of the urine of a man 
who had ingested between 50 to 100 mg. of 
aluminum hydroxide per day for 70 days.**" 
In contrast with such resu!ts are those re- 
ported in connection with balance experi- 
ments on three preschool age boys, in which 
3% to 29% (sic) of the total amount 
(ranging from 0.24 to 0.69 mg. of aluminum 
per day) in the daily diet was found to be 
excreted in the urine.*°* The validity of 
these results is open to serious question for 
a number of reasons, but especially because 
of their own extreme variability. No signi- 
ficant increase was found in the urinary 
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aluminum of 10 human subjects who ate 
four meals of (among other items) bread 
made with aluminum-containing baking 
powder (dose of aluminum not stated) .** 
In one experiment “large amounts” of alum- 
inum (dose and compound not stated) were 
introduced into the stomachs of human sub- 
jects, with no resultant increase in urinary 
aluminum over control levels. One normal 
young adult was fed 145 mg. of aluminum 
per day for eight weeks and 300 mg. of 
aluminum per day (in bread) for nine 
weeks. These diets were alternated witn 
others low in aluminum. No significant 
change was found in the rate of the urinary 
excretion of aluminum during the entire 
experiment.**? Another investigator reported 
that aluminum was not found in the urine 
of six subjects who had ingested aluminum 
in amounts increasing from 100 to 298 mg. 
per day, as potassium or sodium alum, over 
a period of seven to eight weeks.*** 

Rats given 2 mg. of aluminum per day 
(as a salt in their drinking water) for three 
months eliminated 70% in the feces and 
30% in the urine.* On the other hand, 
almost no aluminum was excreted in the 
urine of rats that had been fed aluminum 
as the phosphate.*® The data of both of 
these experiments }*:? are probably mean- 
ingless, since insensitive methods (gravi- 
metric) were applied to comparatively small 
samples. It would also be of interest to 
know the means by which the urine of these 
rats was obtained without some contact with 
the feces. 

After dogs had been fed 3.2 to 6.4 gm. 
of potassium alum (equivalent to about 450 
mg. of aluminum), 4.5 gm. of aluminum 
sulfate, or 0.125 to 0.25 gm. of aluminum 
oxide (as aluminum acetate solution) per 
day for several weeks no aluminum was 
found in their urine. A corresponding 
series of five dogs, to which aluminum 
hydroxide in suspension was given daily for 
10 to 15 months in amounts totaling for the 
period from 100.53 to 178 gm. of aluminum 
per dog, and two other dogs, to which 33 mg. 
of aluminum (as AICl;) was administered 
daily, developed no significant elevation in 
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the concentration of aluminum in_ their 
urine. The same investigator fed about 33.5 
mg. of aluminum (as AICl;.6H2O) or about 
103.7 mg. of aluminum [as Al(OH)s] daily 
to dogs over periods of 10 to 15 months. 
The rate of elimination of aluminum in the 
urine of these dogs was unchanged.47 A 
gravimetric method of analysis was used 
in these experiments, but since the samples 
were comparatively large the results may be 
considered to be reasonably reliable. In 
another experiment *** dogs were fed 529 
mg. of aluminum (as hydroxide) daily for 
12 months. Their urine contained traces of 
aluminum of the same order as those in the 
urine of control dogs. Six dogs were fed 
230 mg. of aluminum (in baking powder) 
and two dogs were fed 1550 mg. of alumi- 
num (as AIPO,) daily for 90 days. The 
urinary concentrations were 0.01 and 0.02 
mg. per 100 gm., respectively, for the alumi- 
num-fed dogs, but no figure for comparison 
was given for the control dog.*** The evi- 
dence is consistent that there is no signifi- 
cant increase in the output of aluminum in 
the urine of the dog after the ingestion of 
very large doses of various aluminum com- 
pounds. In the only article found ** con- 
cerning excretion after the injection of 
aluminum into dogs, it was reported that the 
aluminum content of the urine increased 
sharply soon after the intravenous injection 
of aluminum chloride in doses between 1 and 
10 mg. per kg. of body weight. The in- 
adequacy of the analytical methods employed 
in these experiments has been commented on 
previously. Other results suggest that 
aluminum may be excreted by the kidney 
if it is available in sufficient quantities. Thus, 
the absence of a significant increase of 
aluminum in the urine of dogs to which 
large quantities of aluminum have been 
given is probably the result of poor alimen- 
tary absorption of aluminum. 

Excretion in Feces: In view of the evi- 
dence that aluminum is very poorly absorbed 
after being swallowed, it is to be expected 
that most or all of that taken in by mouth 
should be eliminated in the feces. This has 
been found to be true of man as well as of 


410 


A, M. A. ARCHIVES OF INDUSTRIAL HEALTH 


all species of animals investigated. It may 
reasonably be assumed that some quantity 
of aluminum occurs in the alimentary tract 
and in the feces as a true excretion. The 
somewhat sparse evidence of the presence of 
aluminum in the bile is sufficient to 
strengthen such an assumption. The order 
of magnitude of the rate of such excretion, 
in itself or by comparison with that in the 
urine, is entirely speculative. The available 
facts are reviewed in the following para- 
graphs, 

In an experiment on an adult male human 
subject, in which the analyses were made 
spectrographically, it was found that “in- 
gested aluminum traverses the alimentary 
tract without absorption and is evacuated in 
the feces.” *4* The dosage of aluminum 
averaged about 300 mg. per day over the 
period of nine weeks—a much larger daily 
dose than is ingested with a normal diet. 
Other persons have been fed sodium or po- 
tassium alum in doses furnishing from 100 
to 300 mg. of aluminum per day over a 
period of 70 days, during which they passed 
97% to 101.7% of the ingested aluminum in 
the feces.*!® When the dose was increased to 
970 mg. of aluminum per day over 118 
days, the fecal output came to be equivalent 
to 99% of the total intake. One investigator 
has reported data on the fecal and urinary 
output of aluminum by three children, but 
the range of values was so wide as to make 
the information virtually meaningless (for 
example, 31% to 171% of ingested alumi- 
num was excreted in the feces). The re- 
sults of another experiment were also 
variable *** (for example, the mean fecal 
output per day was 41.9 mg., standard 
deviation 46.8 mg.), but within these wide 
limits the quantities found in the feces were 
equivalent to those taken in with the normal 
daily diet. 

An experiment involving the use of the 
aluminum phosphate precipitation method of 
analysis showed that “practically all” of the 
oral dose of 0.8 to 1.4 gm. of aluminum 
[as NaAl(SO4)>2 or AlPO,4] was evacuated 
in the feces of domestic pigs.28° The fecal 
elimination of aluminum by rats amounted 
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to about 73% to 112% of the total intake 
of 0.39 to 0.59 mg. of aluminum over the 
period of 7 to 12 days. The wide vari- 
ability of these results is probably an 
expression of the use of the relatively insen- 
sitive gravimetric method for the determina- 
tion of aluminum in small samples. Between 
84% and 95% of a larger total dose of 274 
to 575 mg. of aluminum taken in over a 
period of 7 te 12 days was found in the 
feces.” In one report of an experiment in 
which rats were fed elevated quantities of 
aluminum (about 600 ppm in the diet) it 
was stated that “all dietary aluminum is 
excreted in the feces,” though quantitative 
data to support this statement were not 
given.**8 Two unrelated investigations have 
provided results that agree in demonstrating 
that the total amount of aluminum fed to 
dogs, even in very high dosage (up to 104 
and 530 mg. of aluminum [as hydroxide}, 
daily, for 12 months, and about 33 mg. of 
aluminum [as chloride], daily, for 8 to 13 
months) was recovered in the feces.9*4%7 

H. Aluminum in Bile, Lymph, Milk, Sali- 
va, and Sweat.—As might be expected from 
the evidence presented and discussed prev- 
iously, efforts made to find elevated amounts 
of aluminum in bile, lymph, or other secre- 
tions, following the oral administration of 
aluminum, have been 
#98 One investigator claimed that his data 
support the idea that aluminum is excreted 
in the bile of dogs after the oral administra- 
tion of aluminum.**? However, the differ- 
ences found in the concentration of 
aluminum in the bile before and after the 
feeding of aluminum were not significant, 
and his argument for biliary excretion is not 
supported. No data are available which deal 
with biliary excretion in man after the oral 
administration of aluminum. 

Data from experiments in which animals 
were injected with aluminum compounds 
indicate that after injection into a vein or 
into the abdominal cavity aluminum may 
appear in the bile. There is disagreement 
on this point. One investigator,’** although 
stating that a dose of aluminum injected into 
a vein “appeared promptly in the bile,” re- 
Campbell et al. 


ported an increase of only 50% above the 
normal biliary aluminum concentrations at 
the peak after injection (from a control level 
of 0.28 mg. per 100 gm. to a peak of 0.41 
mg. per 100 gm.), at the 78th hour after 
the injection. The apparent increase is 
probably within the experimental error of 
the colorimetric method as applied to these 
samples, and this response can hardly be 
regarded as prompt. Little change in the 
biliary concentrations of aluminum was 
found after the intravenous and intraperi- 
toneal injection of a total dose of 70 mg. 
of aluminum (as potassium alum).**6 
Aluminum is said to have appeared in the 
bile of dogs shortly after the injection of 
doses ranging up to 10 mg. of aluminum 
(as chloride) per kilogram of body weight. 
*? Taking such discrepant data into account, 
it is still uncertain whether or not a signifi- 
cant increase occurs in the biliary excretion 
of aluminum in the dog following its in- 
jection. Data on other species were not 
found, though it is stated **? that the large 
amounts of aluminum in the livers of rats 
following injections of 4 mg. of aluminum 
(as potassium alum) into the abdominal 
cavity “suggests its excretion in the bile.” 
More suggestive is the occurrence of alumi- 
num in the bile under ordinary circum- 
stances, a fact that argues fairly conclusively 
for some excretion of aluminum in this 
form. 

There is no evidence for the appearance 
of aluminum in lymph after oral feeding. 
Aluminum is said to have appeared in the 
lymph of dogs soon after intravenous in- 
jection.*”® 

An increase in the concentration of alumi- 
num in milk from cows to which aluminum 
was fed is supported by extremely few data. 
Cows were given 1.25 to 1.5 oz. (35.4 to 
42.5 gm.) of alum by mouth, and traces 
of aluminum were found in their milk nine 
hours later. When 0.375 and 0.25 oz. (10.6 
and 7 gm.) doses were fed to a goat, the 
milk gave dubious evidence of absorption.2” 
In a small series of analyses aluminum was 
found to be a constant constituent of cow’s 
milk in concentrations of about 1 ppm or 
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less. The milk from three cows, to which 
approximately 114 mg. of aluminum [as 
AIK (SO4)2.12H2O] was fed daily for two 
periods of two months, contained 0.39 to 
1.42 ppm (average 0.81 ppm), in compari- 
son with 0.15 to 0.97 ppm (average 0.46 
ppm) in the milk of three controls.?* Two 
to three and one-half hours after 1.6 gm. 
of alum was administered orally to two 
women, the concentration of aluminum in 
their milk rose from nil and 0.02 ppm to 
between 0.05 and 0.15 ppm, respectively.?”* 
That aluminum is a normal constituent of 
human and bovine milk was shown spectro- 
scopically by another investigator.> 


VII. Uses of Aluminum in Medicine 


Concomitant with the evidence of the 
exceptionally poor absorption of aluminum 
within the respiratory and digestive tracts 
(see Chapter VI, Aluminum in the Body), 
several widely employed medicinal uses have 
developed for certain preparations contain- 
ing aluminum. 

Aluminum hydroxide gel is used exten- 
sively and with apparent success (initially 
reported in 1929) in aqueous media in the 
handling of peptic ulcers and symptomatic 
gastric [ts 
commonly used dosage is 4 to 8 ml. [4% 
to 6% Al(OH)s] taken in water or milk 
every two to four hours or administered by 
a continual drip of diluted gel through a 
tube directly into the stomach [equivalent 
to as much as 6 gm. Al(OH)s, or 2.075 
gm. of aluminum, per day]. This is often 
continued over periods of months or even 
of years without eliciting ill effects. Alumi- 
num phosphate gel, in a 4% aqueous solu- 
tion, when given in about twice the above 
dosage, has the same action as the hy- 
droxide gel, without interfering with the 
absorption of phosphate from the digestive 
tract—an effect which may be significant 
under unusual circumstances. The only 
undesirable effect associated at times with 
the continued use of massive doses of the gel 
is that of the promotion of constipation. 
This effect may be controlled by the con- 
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current use of a suitable intestinal lubricant. 

Aluminum gels in large doses by mouth 
have been prescribed to assist in the pre- 
vention of kidney stones (composed of phos- 
phates), on the theory that excessive 
quantities of phosphate in the diet may be 
diverted from the urine into the feces.’ 
298,412,413 

Experimental evidence has been adduced 
that aluminum sulfate or aluminum chloride 
may counteract the toxic effects of sodium 
fluoride when the latter and one of the 
former pair of substances are taken simul- 
taneously into the digestive tract of ani- 
Jt has been demonstrated by 
balance experiments that the Al*+*+* ion 
binds the F~ ion in the digestive tract to 
form a tightly joined compound which is 
less readily absorbed (cattle, sheep *!*). The 
dose of aluminum sulfate required to pre- 
vent poisoning in cattle and sheep is said 
to be between 10 and 100 times the quantity 
of fluoride taken into the body daily.*!*-4%5 

Dry particulate forms of aluminum hy- 
droxide, alumina, and metallic aluminum 
have been administered by inhalation to 
workmen in certain industries for the pre- 
vention and, in some instances, for the 
therapy of 
value in the prevention of this disease in 
man has not been established,*! although 
the evidence obtained in experiments with 
animals has been favorable.106-123-170.246 The 
most common prophylactic or therapeutic 
procedure in the United States has been that 
of subjecting workmen, for a period of 
about 10 minutes daily, to the inhalation of 
finely divided metallic aluminum delivered 
through a tube from a small grinder (a ball 
mill which produces about 3.2 mg. of dust 
per liter in an air stream flowing at the rate 
of 10 liters per minute). Another pro- 
cedure is that of introducing the finely 
divided metal into the air of the quarters 
in which workmen change their clothing, this 
being so regulated as to provide about 0.0353 
mg. of powdered aluminum per liter. Ap- 
proximately 73 1/3 million individual treat- 
ments are known to have been administered 
from 1943 through 1956 (including about 
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64 4/5 million in change houses in Canada, 
Mexico, and Western Australia and about 
8% million involving dust from ball mills 
in the United States). In the 13 years of 
experience with this technique, no injurious 
effect from the inhalation of the aluminum 
dust has been observed.*°! Another report 
made after nine years of daily use of the 
method (representing approximately 1,250,- 
000 mass preventive treatments and over 
40,000 individual treatments) cites no in- 
stance of damage to the lungs of workmen 
from the inhalation of the aluminum.” 
Other clinical reports have provided similar 
results, ®1:73,200 

Certain uses have developed for aluminum 
compounds as astringent preparations in the 
treatment of dermatitis, wounds, and burns. 
Burns have been treated with aluminum 
foil and powdered metallic aluminum,!** 
as well as with dilute solutions of neutral 
aluminum acetate (5% Burow’s solution) 
and basic aluminum acetate (about 8%). 
Colloidal aluminum hydroxide (as a pow- 
der) has been used to treat sore and 
fissured nipples during lactation.*** There 
are reports of the use of metallic alumi- 
num as an aid in the healing wounds.**. 76.11 

One-half per cent solution of aluminum 
acetate may assist in the mechanical re- 
moval of surface bacteria from the skin, 
through its softening effect, without bac- 
tericidal action.*#® Aluminum sulfate (10% 
aqueous solution) hardens the skin to such 
an extent that surface bacteria may be im- 
prisoned but not killed; such organisms may 
be released on subsequent softening of the 
skin.3” 

Potassium or ammonium aluminum sul- 
fate has been used as a 2% solution for the 
control of excessive sweating. Aluminum 
chloride likewise has found use as a deo- 
dorant and antiperspirant in local sweating 


of the skin of the feet and axillae, when 


applied as a 25% solution once or twice per 
week.*!8 A variety of ointments, pastes, and 
solutions of aluminum compounds have pro- 
vided the basis for an extensive antiner- 
spirant industry. 
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Aluminum compounds have been tested 
for their germicidal properties. Aluminum 
chloride in slightly alkaline aqueous solution 
exhibits some bactericidal activity at low 
dilutions (0.09 to 9 parts per billion) .*%7 
Varying concentrations of aluminum chlo- 
ride have an effect different from that of 
other salts (potassium chloride, magnesium 
chloride, aluminum iodide, aluminum bro- 
mide, and ferric chloride) on the number of 
surviving bacteria, through its capacity to 
induce agglutination.2°* A strip of metallic 
aluminum exerted no bactericidal action 
when immersed in a culture of bacteria.**° 
The germicidal action of aluminum foil is 
small.'** Aluminum was one among several 
elements that exerted some inhibiting effect 
on the growth of Escherichia coli?®® and 
Proteus vulgaris,’°* both common bacteria 
in the intestinal tract of man. 

Aluminum compounds have been used 
occasionally in the treatment of infectious 
diseases. A preparation of aluminum has 
been used in the treatment of gonorrhea.*** 
Aluminum hydroxide and colloidal kaolin 
have been used in vaginal hygiene.*** A 
purulent infection was treated with alumi- 
num sulfate.**7 A nasal spray containing 
3% or 4% of sodium alum was effective 
in increasing the resistance of monkeys to 
poliomyelitis virus instilled into the nasal 
passages.**379 This action was believed to 
be due to a decrease in the permeability of 
the mucous membranes of the nose rather 
than to any antiviral action. A 4% solution 
of sodium alum can be sprayed repeatedly 
into human nostrils without any apparent 
harmful effects.3” 

In 1889 875 an attempt was made to purify 
diphtheria toxin by precipitation with alumi- 
num chloride. In 1926 1* the protective 
properties (antigenicity) of diphtheria tox- 
oid were found to be improved by the addi- 
tion of potassium alam. The increase in anti- 
genic properties is thought to be due to the 
delayed release of the antigen from the alum 
precipitate under the skin. Although dif- 
ferent batches of toxoid vary in the 
concentration of alum required for precipita- 
tion, 1% or 2% of alum is usually satis- 
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factory. The potassium alum content of each 
immunizing dose is limited to less than 20 
mg. Potassium alum as a precipitant is now 
used regularly in the production of diphthe- 
ria toxoid, tetanus toxoid, and pertussis 
(prophylactic) vaccine for whooping cough. 

Aluminum hydroxide has been used to 
control digestive disturbances elicited occa- 
sionally by the oral administration of certain 
antibiotics. The evidence indicates that alumi- 
num hydroxide adsorbs and, in some in- 
stances, lowers markedly the absorption of 
chlortetracycline (Aureomycin) taken by 
mouth at the same time.!!*-342,39%.476 On the 
other hand, penicillin, adsorbed on aluminum 
hydroxide, has been used successfully in the 
postoperative control of oral infection.*”* 

Among several other trace elements, 
aluminum has been found occasionally in 
minute concentrations in human cancers.*** 
No significance has been attributed to such 
findings, beyond the fact that they provide 
evidence of some continuing absorption and 
distribution of aluminum into the tissues of 
the body. A few compounds of aluminum 
have been employed in attempts to prevent 
cancer or to inhibit its growth. The intra- 
peritoneal injection of 3.37 mg. of alumi- 
num (as anhydrous aluminum chloride) 
in 1 ml. of vehicle into rats with ascites 
sarcomas caused a temporary retardation of 
the growth of the tumors.”®° On the other 
hand, the injection of several complex or- 
ganic compounds containing aluminum '* 
failed to inhibit the growth of tumorous 
tissue. 


Concluding Comments 


The discovery of aluminum, the produc- 
tion of the metal in large quantities, and its 
use as an extensive and expanding part of 
industrial and household materials and 
equipment are essentially modern develop- 
ments. Despite this fact, human experience 
with the metal and with its chemical com- 
pounds and preparations has been wide- 
spread and intimate. Only in industrial 
experience has there been any basis for the 
opinion that the aluminum-containing earths 
or the metal itself may possess properties 
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that may be inherently dangerous to man. 
Even here, difficulty has been encountered 
rarely and only under conditions of unusual 
urgency for production (as in war time), 
and these sporadic difficulties, in the form 
of “Shaver’s disease” and the “aluminum 
lung,” have been such as to be highly 
questionable, with respect to the role played 
by aluminum in the mixture of raw ma- 
terials and industrial products that find their 
way, via dusty atmosphere, into the human 
respiratory apparatus. Moreover, these in- 
dustrial hazards have been amenable to con- 
trol by appropriate measures of industrial 
hygiene. 

It is prudent to emphasize the fact that the 
quantities of aluminum which gain entrance 
into the “internal medium” of the body, 
under industrial conditions and, indeed, un- 
der any other than those devised artificially 
in the laboratory, are small. This factor, 
without doubt, is highly important for the 
safety of workmen in certain of the in- 
dustries in which aluminum is produced and 
used. In this connection, a certain note of 
caution may well be sounded. Modern 
technologic research, in its ceaseless quest for 
new materials and for new forms of familiar 
materials, has brought forth a wide variety 
of organic compounds of the metals for 
specialized uses. In some of these, the usual 
properties of the metals, including their 
biological effects, have been so masked or 
modified as to be virtually unrecognizable, but 
in some instances the organic radical has 
provided a vehicle for the ready carriage 
of the metallic compound into the tissues 
of the complex animal organism and actually 
into the very cells of such tissues. Under 
such circumstances, an entirely new and 
artificial set of physiological reactions are 
produced within the organism, the conse- 
quences of which may be serious. The organic 
compounds of aluminum, their uses, and 
their properties, have not been dealt with in 
this review, for the reason that they present a 
totally different type of situation from those 
with which the review is concerned. By the 
same token, it should be understood by those 
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who may be involved in any manner with 
the preparation, handling, and use of or- 
ganic compounds of aluminum that very 
little that has been said about the char- 
acteristics of the inorganic compounds of 
aluminum may be applied in the anticipation 
of the physiological behavior of its organic 
compounds, especially of those which are 
volatile at ordinary temperatures or at those 
which occur under the conditions of their 
preparation and use. Gases and vapors of 
any kind, unless they are decomposed or 
acted upon otherwise within the respiratory 
tract and lungs, are absorbed into the body 
fluids and tissues in accordance with the 
laws that govern the diffusion and movement 
of gases. Likewise, liquid compounds, 
especially those soluble or miscible in fats, 
often penetrate the intact skin with com- 
parative ease. Since, under these circum- 
stances, the normal barriers of the body 
do not protect the tissues against the intru- 
sion of these foreign substances, the out- 
come is unpredictable and assumptions are 
fraught with risk. 

Aside from the foregoing reservations 
which rise out of the complexities of 
modern industry and the purposefully ven- 
turesome character of modern technologic 
and industrial research, little need be said to 
summarize or emphasize the results of this 
review. There are voids in our information 
concerning the effects of aluminum in a 
variety of forms and quantities if and when 
such forms and quantities should gain en- 
trance to the tissues and fluids of the body. 
These voids exist in part, as suggested 
previously, because the apparently innocuous 
properties of aluminum and its ordinary 
compounds, as encountered in human ex- 
perience, have acted to retard rather than to 
stimulate intensive inquiry. Questions have 
been raised, as indicated, and these have been 
answered to the satisfaction of mature and 
reliable investigators. The resultant investi- 
gations have provided the great bulk of the 
information presented in the foregoing chap- 
ters. There is no reason for concern, on the 
part of the public or of the producer and 
distributor of aluminum products, about 
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hazards to human health derived from well- 
established and extensive, current uses of 
such products. Nor need there be concern 
over the more extended uses which would 
seem to be in the offing. 

While missing details of the physiological 
and pharmacodynamic behavior of aluminum 
will pique the curiosity of investigators until 
our knowledge has been more fully rounded 
out, and while more representative and 
strictly quantitative data on a number of 
facets of the problem would be desirable, the 
essential facts as to the more important 
practical aspects of human risk in relation 
to aluminum compounds are available. These 
facts, while not amenable to expression with 
rigid quantitative precision, may be stated, 
with confidence in their validity, as follows: 

A. The quantities of aluminum which are 
required within the animal (human) or- 
ganism to induce harmful effects, as dis- 
closed by laboratory experiments in which 
such compounds have been introduced into 
the tissues, fluids, and cavities of the bodies 
of experimental animals by artificial means, 
are large (e. g., of the order of 100 mg. per 
kg. injected subcutaneously), as compared 
with those found in the tissues of the body 
under the severest conditions of ordinary or 
occupational exposure to aluminum and its 
compounds or as compared with the quan- 
tities of certain other metals (and their 
compounds) which are known to be dan- 
gerous. 

B. Despite the abundance of aluminum 
compounds in the earth’s crust and in the 
natural environment, and despite the artifi- 
cial increase in the quantities of aluminum 
in the environment of modern man, the 
absorption of aluminum into the bodies of 
animals and men occurs to only a slight 
extent. The rate of absorption via the 
normal avenues of entry into the body is so 
slight as to escape quantitative measurement 
in any other manner than that of observing 
the end-result of prolonged exposure— 
namely, by determination of the small quan- 
tities that occur in the tissues of the body. 

C. The quantities of aluminum and its 
inorganic compounds which are absorbed 
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TABLE 1.—Solubility of Various Aluminum Compounds in Water * 


Tempera- 
Compound ture, C Solvent Solute 


Gm./100 Gm. Saturated Solution 


AIC] ,-6H:0 
in water 


| {as AlCl] 56H 
32.9 AICI; 


34.081 AICI], 


AIC1,-6H:0 
AICI. {as AlC] 6H 30) 


in aq. sol. 
HCl 


Al(NO ,)3-9H :0 
in water 


rt 


oh & 


Al.(NO «18H :0 
in aq. sol. 


nitric acid fas Ala(NO 6-18 H 20) 


( 


Ses 


Al(OH); in 
aq. NaOH 


Al.(80,) 
in water 


2.) fas Al2(OH) 


S28 


0.) 
[as Al 4) 18H 20) 


40 
100 
25 
25 
25 


s-18H:0 
in aq. sol. HsSO, 


AIK (SO ,) 


27.82 Als(SO 
29.21 Alx(SO » [as Als(SO 4) 18H 20] 


62 AIK(SO,)s [as AIK(SO,) s-12H 20} 
Gm./100 Gm./H:0 


2.37 Alx(SO4)s 0.15 Al(OH) s 
5.00 Als(SO 0.30 {as Als0 s-SO,-9H 


ptd in 
sol. Als(SO,)s 


7.00 0.65 Al(O 
5.22 Al2(SO.4)s 1.33 


Gm. Dissol./100 Ce. Sat. Sol. 


Al(OH) fresh 0.007 Al(OH): 


pptd suspended 
in aq. NH,.OH 


0.200 NH .OH 
Normality 


0.49 NaOH 
0.99 NaOH 


Gm./100 Gm. 


0. 038 Al(OH); 
Gm./Liter 


9.27 
13.90 


Al(OH), in aq. NaOH sol. 
(acetic acid soluble 
“tonerde"’) 


AlINa(SO,) 
AINa(SO :0 
AINa(SO,): 


Al(OH); 
in water 


Saturated Solution 


Water 

43.1 
131.8 NasAl2(SO 4) «-24H:0 
133.7 AlNa(SO,) 12H :0 


Mg./Liter 


0.94-1.04 } 
6.98 {as Al(OH) 3] 


* Adapted from Seideil. 
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Transition point 
OHNO; 
10 HNO 

10 HNO, 

OHNO, Orde 
10 HNO; 
5.13 

4 
4 | 

as Normality 

0.100 NH ,OH 0.008 Al(OH) s 

0.125 NH ,OH 

25 30.1 NasAls(SO.). 

25 56.9 NasAl3(SO,) « 24H:0 

38 30.21 AINa(SO,) + 

. 
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into the body are independent, for all prac- 
tical purposes, of the quantities in the 
environment—specifically, in the food and 
in the atmosphere. From the theoretical 
viewpoint, no doubt, some influence is 
exerted by the actual mass of the compounds 
present in the alimentary and respiratory 
tracts, but the influence is so slight as to be 
of little significance. This means, practically, 
that a significant increase in human exposure 
to the same type of situations and com- 
pounds that are now prevalent will result in 
no significant increase in aluminum in the 
body. This also means, of course, that new 
developments may create new situations 
which will call for investigation. There is 
no such problem of public health at present, 
however, and none appears upon the hori- 
zon. 


University of Cincinnati, The Kettering Labora- 
tory (19). 


TaBLeE 3.—Concentrations of Aluminum and Certain Other Metallic Constituents of 
the Atmosphere of Several Communities 


TaBLe 2.—Occurrence of Aluminum in Some Soils 
of the United States 


State Soil Parts per Million 
Alabama *** Top 46,037 
Sub 67,725 
Connecticut Top 5,344-44, 
Sub 8,730-36,614 
District of Columbia *** To 32,963-43,069 
Su 19,048 
Florida *** Top 11-135,079 
Sub 85-26,349 
Georgia*** Top 1,296-246,984 
Sub 5,767-238,730 
Maine Top 65,767-68,889 
Sub 72,910-77,407 
Maryland *** To 20,370-146, 190 
Su 9,894-154,815 
Massachusetts **! Top 11,058-58,677 
Sub 54,603-58, 
Missouri *** To 51,164 
Su T1111 
New Hampshire To 30,899-98,624 
Su 37,302-70,053 
New Jersey **! To 159-42,116 
Su 2,645-97 196 
New York Top 635-55, 
Sub 741-83,915 
North Carolina *+* Top 10,952-90,529 
Sub 46,667-145,926 
Pennsylvania To 19,550-60,264 
Su 29,312-78,307 
Rhode Island Top 14,524-29,069 
South Carolina To 259-108,465 
3,201-140,401 
Virginia Top 7,249-132,645 
Sub 13,328-265,449 
West Virginia *:* To 22,751-42,963 
Su 28,413-74,973 
Wisconsin *** Top 48,148 
Sub 50,212 


Aluminum, 
Community or Area 7/Cu.M. 
Baltimore 4.0 (av.) 
Cincinnati 
All areas ** (range) 0.1-25* 
Rural 1.9 (av.) 
Business and industrial area 
Over-all average 5.3 
Cold months 7.5 
Coo] months 4.1 
Warm months 4.7 
Residential and semi-res. areas 4.0 
Detroit area, Mich. City *+*| 3.2 (av.) 
Detroit area, Mich. City *+*§ 0-27.8 
St. Clair-Marine City (nonindustrial) «* 0-6.0 
Donora, Pa.** 6.0 (av.) 
Kanawhe River Valley 
Belle +*¢ 4.4; 12.5 
Charleston 241,486 1.3-10.0 
Charleston, north ¢*¢ 1.97; 10.8 
Charleston, south ¢*¢ 0.45-9.5 
Chelyan **¢ 3.50-7.0 
Kanawha City ‘** 3.1; 10.0 
Nitro +#¢ 2.80-7.8 
Saint Albans 2.0; 3.6 
Los Angeles 2.5-6.0 
Windsor, Ontario *+*? 0.71-6.94 
Windsor, Ontario ** 3.0 (av.) 


Iron, Manganese, Vanadium, 
7/Cu.M, 7/Cu.M. 7/Cu.M. 
15.1 (av.) 0.3 (av.) 0.2 (av.) 
0.1-110.0 0.0-2.0 <0.2-0.4§ 
5.7 (av.) 0.2 (av.) <0.2 
12.7 0.4 
17.5 0.36 
10.7 0.4 
9.2 0.6 
7.7 0.4 
3.9 (av.) 0.2 (av.) 0.002 (av.) 
0-17.4 Trace-2.06 0-0.042 
0-1.4 0.003-0.10 0-0.03 
14.0 (av.) 0.6 (av.) 
1.76; 7.2 0.18; 0.7 0-<0.02 
0.19-4.4 (av.) 0.13-0.3 (av.) 0-<0.02 (av.) 
0.99; 2.6 0.10; 0.2 0-<0.02 
0.03-15.0 0.02-0.3 0-<0.03 
1.05; 6.0 0.21 0-<0.02 
1.17; 5.0 0.16; 0.3 Trace 
1.40-4.0 0.21; 0.3 Trace-<0.04 
0.60; 4.0 0.12; 0.2 0-<0.01 
2.5-6.0 Trace-0.24 
0.59-8.77 0.064-0.91 0-0.28 
2.8 (av.) 0.3 (av.) 0.009 (av.) 


723 samples. 
719 samples. 

719 samples. 

141 samples. 

1,035 samples, semiquantitative analysis. 
31 sampling stations 

25 sampling stations. 

* $2 samples, semiquantitative aralysis. 
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TABLE 4.—Occurrence of Aluminum in Surface Waters 


Parts per Parts per 
Million Million 
Rivers and Creeks 


Unitea States 


United States (Cont.) 


Allegheny *+« 4.2 Susquehanna R., West Branch Bed, 
Casselman 0.6; 9.7 Creeks *+¢ 0.8-12.0 
Conemaugh 2.4 Youghiogheny **¢ «#9 0.0-5.5 
Delaware R. Bed Creeks 
in Pennsylvania ‘** 15.0-77.0 Australia, New South Wales 
Detroit 5.5 Belabula, Clifden Run‘: Trace 
Humboldt 0.7 ‘Tarrgagar Trace 
James 0.04 
Kiskiminetas ‘** 0.6-21.0 Canada 
Lackawanna ‘** 1.3-23.0 Ottawa's Trace 
Lehigh 346,344 1.2 St. Lawrence Trace 
Lehigh R. Basin Creeks 
in Pennsylvania 11.0-16.0 England 
Little Conemaugh 4.5; 29.0 Thames Trace 
3 Little Schuylkill *+* 0.2-47.0 
Little Schuylkill France 
West Branch 11.0 Doubs‘! 0.011 
Mississippi 16.6; 15.9 Loire 0.037 
Monongahela 44346, 489 0.2-9.4 Seine 0.026 
Neponset 0.33 
Ohio! 22 246,489 0.0-3.2; 21.1 Germany 
. Ohio R. Basin Creeks Rhine +! 0.01; 0.53 
in Ohio 464 0-29.0 
in Pennsylvania *+¢ 0.4-67.0 South America 
Passaic 7A Parana 1.6 
Rio Grande‘: 1.1 Rio de la Plata‘'* 3.2 
Schuylkill 0.4-26.0 Rio Vinagre 211.6 
Schuylkill, West Branch ‘** 2.4-13.0 
Susquehanna, West Branch 489 0.4-31.0 Switzerland 
: Susquehanna R. Basin Creeks Rhone ¢'+ 0.021 
in Pennsylvania *** 0.4-45.0 


Lakes 

United States Canada 
Calif. 1.5 Goodenough, B. C. +15 182.6 
Michigan ¢:* race 

Mono, Calif. 242.2 Japan 
Owens, Calif. +'* 12.2 A number of lakes 
Superior ¢'* 0.5 (bottom layers of waters) 2.0-8.0 
Yellowstone 2.1 
tlan 
Austria-Hungary Loch Katrine ‘'* 0.51 


Gmunden 0.5 


TaBLe 5.—Occurrence of Aluminum in Ground Waters, Mineral Springs, and Wells 


Parts per Parts per 
Million Million 
United States Austria 
Arkansas Elizabethenquelle, Baden *'* 0.4 
Columbia Co. 0.2-3.4 
Hot Springs +'* 4.1 Canada 
Iowa Tuscarora Sour, Brantford 347.7 
Acid Springs 1,790.2 
Kansas Czechoslovakia 
Burr Oak‘! 62.2 Karlsbad Sprudel 14.8 


England 
Michigan Old Alum Well, Harrowgate +! * 647.1 
Mt. Clemens Mineral Well‘: 267.5 Orchard Alum 48.7 
St. Clair 7,509.5 
Missouri Fiji Islands 
Blue Lick 92.8 Kantavu 48.1 
Montana 
Hunter's Hot Springs‘! 1.2 France 
Nevada Celestine, Vichy ‘*'* 6.9 
Hot Springs 1.0 Grande Grille, Vichy 95.2 
New Hampshire 
Londonderry Lithia ‘'* 13.7 Germany 
New York Bad Ingelfingen ' 7 Trace 
Geneva Lithia 23.7 
Oak Orchard Acid 34.4 Italy 
Saratoga Springs‘! * (4 springs) 1,2-11.1 Civillina 238.1 
Texas Luxembourg 
Overall 221.3 Mondorf-Etat 3.2 
Sour Lake Mineral Springs 123.3 
Virginia New Zealand 
: Alum Spring, Rockbridge Co. +s 6,568.2; 398.9 Acid water, Lake White Island *'* 4,928.0 
Alum-water, Lee Co. 471.4 Kopuowhara Makia‘'* 48.7 
Buffalo Lithia * 20.5 
Jordan Alum Springs‘'* 219.6 Switzerland 
Shenandoah Alum Springs‘! * 123.3 Helenen Spring '** 0.06; 0.05 
Wisconsin Ulrien Spring '** 0.02 
Springs Luzius Spring 0.05 


/yoming 
Old Faithful Geyser, Yellowstone Park ¢'* 
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TaBLe 7.—Occurrence of Aluminum in Drinking Water Supplies 


Parts per 
Million 


United States 

Alabama 

Birmingham 0.13 
Arkansas 

153 communities 0.0-1.8 

12 communities 2.1-3.8 

7 communities @.1-21.0 

4 communities 32.0-42.0 
California 

San Francisco? 0.7 
Colorado 

Denver 1.0 
Connecticut 

Stafford 1.0* 
District of Columbia 

Washington *7 04 
Florida 

Jacksonville ** 04 
Georgia 

Albany *** 

Atlanta 0.01; 0.2 

Hopeville 
Illinois 

Arlington Heights*«+* 0.005 

Chicago 0.01; 0.6 

Geneseo **? 77.35* 
Indiana 

Indianapolis *7 0.4 
Kansas 

Atchison Parker Springs **+ 1.69* 

Wichita 0.01 
Kentucky 

Louisville *+* 0.09 
Louisiana 

New Orleans 0.1 
Maryland 

Baltimore 0.01, 0.035; 0.2 

assachusetts 

Boston 7243 0.01; 0.1 

Fall River 
Michigan 

Ann Arbor? 0.011 

Birmingham *+¢+ 0.01 

Detroit 0.28 

E. Lansing 0.04 

Pontiac ?+* 0.01 
Minnesota 

Minneapolis 0.2; 0.8 
Missouri 

Kansas City 0.09-0.27 

St. Louis *? 0.2 

Weston ?+* 0.005 
Montana 

Helena ** 04 
New Jersey 


Montclair ?+* 


United States 
New Mexico 
Santa 0.2 
New York 
Merrick, L. I. 42.3° 
New York City #124 0.015; 0.2 
Rochester 
North Dakota 
Bismarck ** 1.6 
Ohio 
Cincinnati 0.04-0.10 
Cleveland 0.07-0.10 
Columbus 0.015 
Dayton 0.03 
Kent 0.07 
Lima 0.015 
Oakwood *++ 0.02 
Springfield *+* 0.015 
Toledo .03 
Oklahoma 
Bristow *+* 0.013 
Sapulpa 0.013 
Tulsa 0.013 
Pennsylvania 
Philadelphia 03 
Pittsburgh 0.4-0.6 
Rhode Island 
Providence 0.015 
Tennessee 
Nashville ** 04 
Texas 
Houston ** 1.0 
tah 
Salt Lake City ** 0.7 
Virginia 
Richmond 03 
Wisconsin 
Milwaukee *¢* 0.10 
White Rock 5.66" 
Canada 
Ontario** 
Aurora 0.26 
Brantford 20.11 
Dresden 6.35 
Ottawa 4.92 
Toronto 0.53 
England 
London 0.17-0.3 
Germeny 
Appolinarius Spring *** 10.86* 
Driburg**? 0 07* 
W iirzburg*"* 0.12 
Panama 
Emperador ?*? 5.8; 10.58* 


* Early analysis. 


TABLE 8.—Estimates of Daily Intake of Aluminum by Man 


Date Author 

1914 U. 8. Dept. of Agriculture (based on Ref. Bd. find- 
ings; Al ingested as baking powder) ¢** 

1926 Jacobs (estimate based on early high values in raw 
products; calculated Al content in meals over a 
of 7 days) *** 

1929 hmann (estimate based on own experiments) *** 

1931 Fellenberg (estimate based on own experiments) ! ‘* 

1931 Eppinger (estimate based on literature) '** 

1932 Burn (estimate based on Massatsch's values) ** 

1932 Beal (estimate based on own experiments) ** 

1935 Datta (estimate based on own experiments) '*? 
*1940 Kehoe et al. (analysis of total intake of food and 
beverages of 1 male adult for 28 days) *+¢ 

1942 Calvery (estimate based on literature) 7° 
*1943 Kehoe, et al. (analysis of mean intake of food and 
— orages of 1 male adult [other than above] for 15 
wk.)? 
1947 ne a (estimate based on own experiments) '** 
(estimate from Smith 
1955 Editorial (estimate based on 1.5 ke. daily food con- 


sumption; review of literature) 12 


Daily Aluminum Intake, Mz. 


From Natural 


From Natural Diet and Contact with Al 


Diet; No Known Utensils and/or Use of Al Baking Powder 


Contact with Al 


472 (av.) 


20-25 
5-10 


baking powder 


25-75 in usual diet } ~~ 
01 


150-200 extreme conditions 


including acid foods cooked 
in aluminum 

from natural sources + from alum- 
inum ute 


40-60 
100 maximum 
5-10+8-10 
50 
2 (if all foods are cooked in Al utensils) 


(under conditions found in India) 
D.61.97 mean values 


10-30 ppm 
17.31+8.D.27.67 mean values 
<9.9—> 100 daily 


1.5-10+-0.1-8 from natural sources (maximum 
includes 2 meals with acid foods) 
(in 250 gm. baked goods) baking 
powder only 

8-10 + natural content 
135 maximum ss foods were cooked with 


*See summary, Chapter V. 


Parts per 
Million 
he Mg 
: 
0.012 
= 
7 (av.) ike 
1,5-10; 
6 in 1,660 gm. 
food 


A, M. A, ARCHIVES OF INDUSTRIAL HEALTH 


TABLE 9.—Compilation of Data on the Occurrence of Aluminum in the Tissues of Man* 
(mg. Al/100 gm. fresh tissue except where indicated) 


Tissue 


Methods of Analysis 


trographic 
Whole:-bleed 5 . 
(ppm) -0.3 gm. 
0.21-0.94, «** mode 0.54 
0.1-0.5 
Blood Plasma 0.24+0.02**« 
partition Cells 0.03--0.003 
(ppm) 
Liver 0.160244 
3.0 
Kidneys 0.042244 


+(no figures given) 
Gallbladder bile 
Stomach 0.073244 
Small intestine 0.087 244 
Lungs 5.94244 

+(no figures given) '*? 
Spleen 0.1802«« 


Brain 0.004244 

Trace (ashed) 
10 and cerebellar cortex (ashed) 


Heart 


Muscle 
Pancreas 
Testicles 
Long bone 


+(no figures given) '** 
0.015244 


organism 


Rosolie Acid Not Given 
ats 


Alizarin 
<2.0 Trace-2.10, *** av. 0.6 


Plasma 
0.15-0.5!** 


0,05-0.14, av, 0.08 0.17-1.17 
0.02-0.34, av. 0.10 0.13-0.87 
0.01-0.17, av. 0.07 


0.03-0.)3 #24 
av. 0.07 
0.07-0.45, av. 0.25 


0.11-0.29, **# av, 0.21 


* Milligrams of Al per 100 gm. fresh tissue, eveep where indicated otherwise. 
+ There is no good explanation for these tissues ~ \\aining so little aluminum. 
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Activated Clay Particles 


In experiments designed to study the 
biological effects on the lungs due to point 
sources of radiation located within the pul- 
monary parenchyma, the solubility of the 
radioactive particle in the pleural fluids in- 
troduces a complicating factor. Even a 
relatively insoluble particle such as BaSo, 
was found to be much more soluble in the 
lung than was expected.’ In order to mini- 
mize the problems introduced by the particle 
solubility, a pilot experiment was conducted 
to study the feasibility of using highly in- 
soluble radioactive clay particles as the rad- 
iation foci. 

Montmorillonite clay, a material currently 
under consideration as a vehicle for disposal 
of radioactive wastes,? is a high-capacity 
cation exchanger that can adsorb 1 mEq. 
of cation per gram of clay. After adsorp- 
tion of the cation, the clay particle is heated 
to a temperature of 1000 C, thereby pro- 
ducing an irreversible change in the crys- 
talline structure of the clay that results in 
its transformation into beta quartz.? The 
particles emerge from the firing process as 
almost perfect spheres ranging in diameter 
from 0.5 to 20u with more than 80% 
lying between 1 and 4y. The new crystal- 
line state permanently binds the cation and 
prevents its removal by chemical means. 
Tests performed by Ginell and Simon 
showed that after a loss of less than 0.1% 
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of the total radioactivity during four days 
after refluxing the spheres with isotonic 
saline or distilled water, the clay beads did 
not lose any more activity during subse- 
quent leaching attempts. The radioactivity 
may be incorporated into the beads by ex- 
changing either radioactive or stable ions. 
When stable ions are loaded, the bead, after 
firing to lock the cation in place, is exposed 
to thermal neutrons in a nuclear reactor. 
The cation is activated while the activities 
induced in the elements of the bead are 
either very short-lived or of insignificant 
magnitude. The particles used in this ex- 
periment were prepared by the latter meth- 
od.* In the case of thallium, the radioac- 
tive isotope is produced by the absorption 
of a thermal neutron by TI*, a stable 
isotope that comprises 29.1% of naturally 
occurring thallium. TI? has a half-life of 
2.7 years and emits a beta ray whose maxi- 
mum energy is 0.783 mev. 

Thirty female rats, of the Carworth Farms 
Wister strain, whose average weight was 240 gm., 
were intratracheally insufflated with a 0.15 ml. 
of isotonic saline suspension containing 0.021 pc 
TI™ loaded on 54 of montmorillonite clay in 10° 
spherical particles. A relatively narrow distribu- 
tion of particle sizes was obtained by shaking the 
suspension containing the beads, allowing the 
suspension to stand for several minutes to permit 
the large particles to settle, and then withdrawing 
several milliliters from the center of the flask 
with a hypodermic syringe. The particle diameters 
were found to be geometrically distributed, the 
mean being 3 and the standard deviation 1.5 
(3%1.5). The rats were killed over a nine-month 
period beginning seven months after exposure, and 
the lungs, liver, kidneys, and spleen were excised 


* The particles used in this experiment were 
prepared by Mr. L. P. Hatch, of the Brookhaven 
National Laboratory. 
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for histopathological examination. Eleven rats 
were used as colony. controls. 


Histologic examination of the tissue sec- 
tions showed no damage that could be at- 
tributed to radiation. There was no differ- 
ence between the control group and the ex- 
perimental group. 

Biologically meaningful dosimetry is dif- 
ficult in the case of discrete point sources 
of radiation. If the total energy dissipated 
by the TP? is considered and if a mean 
pulmonary weight of 1.5 gm. is assumed,‘ 
then the mean initial dose rate to the lungs 
is per day 1.8 rep. Using a 120-day half- 
life for deep pulmonary retention ® and as- 
suming that 50% of the initial activity 
penetrated to the deep respiratory tract,® 
then the total dose over the time interval 
may be calculated from the relation: 

D=D,fote—**dt 
The value of the integral for the 16 mo. 
exposure period is 112 rep. 
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Variation of dose rate with distance from a 
2X10°* microcurie T1™ particle. 
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Another aspect of particulate dosimetry is 
the steep absorbed energy gradient around 
the particle. The implications of this non- 
uniform distribution of absorbed energy 
are discussed by Burnett and Hatch.” In the 
case of the 2X10%uc TI? point sources 
used in this experiment, the absorbed dose 
as a function of distance, as calculated from 
the point source function given by Loevin- 
ger,® is plotted in the figure. At a distance 
of 54 from the particle, the dose rate is 
about 700 millirep per day; at 50p, the dose 
rate is only about 7 millirep per day. Al- 
though the specific activity of the particles 
was low, it is significant that the chronic ex- 
posure in the immediate vicinity of a parti- 
cle at a level about ten times greater than 
the maximum permissible daily dose rate 
produced no observable biologic damage. 
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Energy Around a Point Source of Beta Radia- 
tion, Science, 112:530, 1953. 


Mr. L. P. Hatch of the Brookhaven National 
Laboratory supplied the radioactive particles; Mr. 
J. Thomas prepared the tissue sections, and Dr. 
H. R. Hellstrom read the tissue sections. 
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News and Comment 


ANNOUNCEMENTS 


Occupational Medicine for Physicians.—A full-time eight-week course in Occupa- 
tional Medicine, designed for physicians engaged in the practice of medicine in industry, is 
being offered from Sept. 16 through Nov. 8, 1957, by the New York University Post-Graduate 
Medical School. 

The course content covers the following areas: preventive medicine, administrative medicine, 
occupational diseases, and industrial hygiene. It is aimed at meeting the need for specialized 
training in industrial medicine. Didactic instruction will be supplemented with field trips to 
industrial plants, governmental agencies concerned with industrial health, and union health 
centers. Opportunity will be given to attend medical, surgical, and clinical-pathological con- 
ferences held in the New York University-Bellevue Medical Center. 

For further information write Office of the Associate Dean, New York University Post- 
Graduate Medical School, 550 Ist Ave., New York 16. 


Intensive Course in Testing of Hearing.—Northwestern University is offering an in- 
tensive course in the testing of hearing for office audiometrists, industrial nurses, public 
school nurses, and others who give hearing tests. The course emphasizes the following fields: 
the nature of hearing problems, basic techniques in audiometry, speech audiometry, advanced 
techniques of pure-tone audiometry, and school, community, and industrial programs in 
hearing. 

Work consists of daily lectures, observations, practice in administering hearing tests, and 
reading assignments. Emphasis in the lecture classes is upon clinical and practical applica- 
tions. Each student is required to master a core of basic material, and he also elects special 
areas of study to serve his individual interests. 

The course is available during the 1957 Summer Session. The dates are June 25-Aug. 3. 
Registration is limited to mature persons with demonstrated interest in the field of hearing. 
For further information and application forms, write to Raymond Carhart, Professor of 
Audiology, Northwestern University, Evanston, III. 


Audiology for Industry.—Colby College, Waterville, Maine, presents the Fifth Annual 
Course in Industrial Deafness, Aug. 5-10, inclusive. Objective of the course will be to train 
personnel in initiating and conducting conservation hearing programs in noisy industries. 
Eight full-tine instructors have been selected from authorities in this field. The class is 
limited to approximately twenty participants. 


Registrants will live on the college campus, and the tuition fee of $200.00 includes 


board and room. Applications should be made to Mr. William A. Macomber, Director, 
Division of Adult Education and Extension, Colby College, Waterville, Maine. 


Guide for Conservation of Hearing—The “Guide for Conservation of Hearing in 
Industry” has been completely revised by the Subcommittee on Noise in Industry of the 
American Academy of Ophthalmology and Otolaryngology. The Guide contains the latest 
information on the indications for a hearing conservation program and the routine procedures 
which are necessary to conduct the program. A suggested hearing conservation limit has been 
included, which indicates in terms of noise level in specific octave bands when a hearing 
conservation program is necessary. It is printed in a six by nine inch booklet of approximately 
twenty-four pages; single copies are twenty-five cents. In quantities of ten or more the cost 
will vary from fifteen to twenty cents per copy. For further information write the Research 
Center, Subcommittee on Noise in Industry, 111 North Bonnie Brae St., Los Angeles 26. 


SOCIETY NEWS 


American Academy of Occupational Medicine—The Ninth Annual Meeting of the 
American Academy of Occupational Medicine was held at the Shoreham Hotel in Washington, 
D. C,, Feb, 13, 14, and 15, 1957. The following new members were elected: Maurice A. 
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Barnard, Eastman Kodak Company; George Norman Boyer, State Department; Heinrich 
Brieger, Jefferson Medical College; William Wells Dickinson, Hartford Small Plant; Arthur 
Chester Hansen, A. O, Smith Corporation; John Henry Hege, Royal Typewriter Company ; 
B. Dixon Holland, American Medical Association; William Garett Hume, II, E. 1. du Pont 
de Nemours & Company; Arthur Law Knight, Ravenna Arsenal; Catherine Mangan Maguire, 
Olin Mathieson Chemical Corp.; George Edward McGlothlen, E. I. du Pont de Nemours & 
Company; William Edward Nessell, Monsanto Chemical Company; James Walton Osborn, 
Standard Oil Company (Ohio); Carl Sheldrick Plumb, Ecusta Paper Corporation; Robert 
Logan Quimby, Liberty Mutual Insurance Company; Logan Thomson Robertson, M.D., Occu- 
pational Health Service; William Elles Russell, General Electric Company; Lester W. Sanders 
Sr., The Kettering Laboratory; Mathilda Rosemary Vaschak, E, R. Squibb & Sons; Paul 
Eugene Wright, Wright-Patterson Air Force Base. 


At the time of the Meeting, nine Academy Members were elevated to Fellowship following 
the presentation of a thesis. The new Fellows are Robert Martin Clyne, American Cyanamid 
Company; Robert Treat Paine deTreville, United States Air Force; Asher Joseph Finkel, 
Argonne National Laboratory; $. Charles Franco, Consolidated Edison Company of New 
York, Inc.; Morris Kleinfeld, New York State Labor Department; lan Maclachlan, Carrier 
Corporation; Lloyd Bertram Shone, United States Navy; Leo Joseph Wade, Esso Standard 
Oil Company; Paul J. Whitaker, Allis-Chalmers Manufacturing Company. 

The Annual George H. Gehrmann Lecture was delivered at the Annual Dinner by Dr. 
Leroy E. Burney, Surgeon General, United States Public Health Service. 

A new feature was introduced in the form of an Academy Award of Merit, the receipient 
being Dr. Robert A. Kehoe. The Award was given to Dr, Kehoe in recognition of his out- 
standing services in occupational medicine. 

New officers elected were Irving R. Tabershaw, M.D., President; Ronald F. Buchan, M.D., 
Vice-president; Joseph Quigley, M.D., Treasurer. Leonard J. Goldwater, M.D., was reelected 


as Secretary, and John L. Norris was elected to the Board of Directors for a term of three 
years. 
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Books 


Proceedings of the Conference on Chemical Reactions in Urban Atmospheres. Edited 


by Lewis H. Rogers. Price, $5.00. Pp. 135. Air Pollution Foundation, 704 South 
Spring Street, Los Angeles 14, 1956. 


As a result of intensive study, especially in the Los Angeles area, a great deal has 
been learned about the peculiar oxidizing type of smog which occurs so frequently in 
Los Angeles. The National Science Foundation, the American Petroleum Institute, 
and the Air Pollution Foundation accordingly arranged a conference, held Feb. 2 and 
3, 1956, at the University of California at Los Angeles to which they invited particularly 
workers whose contributions to this special field have attained recognition. 

After reading these transactions, this reviewer doubted that he could improve at all 


on the Summary in the opening pages of the report. This accordingly is quoted here- 
with verbatim. 


“Haagen-Smit discussed the oxidizing power of the Los Angeles atmosphere during 
periods of smog. Oxidant concentration rises to a maximum during the middle of the 
day, and, when certain levels are reached, widespread eye irritation, plant damage, 
rubber cracking, and reduced visibility occur. Characteristic smog manifestations have 
been produced in the laboratory by the reaction of ozone with gasoline or olefins and 
by the irradiation of organic compounds in the presence of oxides of nitrogen. Ozone 
is formed during the photochemical reaction of organic compounds and nitrogen dioxide 
in low concentrations and may be measured by physical methods, such as the cracking 
of rubber strips. The ozone-forming capacity of various compounds differs; the olefin, 
butadiene, is the most active, followed by butene and pentene. The assumption is made 
that the free radicals formed during these photochemical processes react with oxygen 
to form peroxidic radicals, which, in turn, may oxidize another molecule of oxygen to 
ozone. A chain reaction mechanism is postulated to account for the formation of high 
concentrations of ozone. 

“Cadle reported on studies of dark reactions that may occur in Los Angeles smog, 
reactions involving smog itself, and photochemical reactions using highly purified Los 
Angeles air and relatively simple systems of contaminants. The rates at which dark 
reactions occur and the products formed were investigated for systems involving ozone, 
nitrogen dioxide, and nitric acid vapors in combination with paraffins, olefins, acetylene, 
gasoline, and sulfur dioxide. The course of the reactions was followed by two tech- 
niques: chemical analysis of samples withdrawn from a reaction chamber, and absorp- 
tion of the reactants and products in a recording infrared spectrometer. Whereas the 
velocity constants for ozone-olefin and ozone-gasoline dark reactions were sufficiently 
high to be considered important to the smog problem, the reaction rates of ozone with 
paraffins or sulfur dioxide and of nitrogen dioxide and nitric acid vapors with olefins 
were either too slow to be measured or too low to be significant. Ozone reacts exo- 
thermically with olefins to form products termed “ozonates,” which exhibit prominent 
hydroxyl and carbonyl absorption bands. The photochemical formation of ozone in 
irradiated samples of Los Angeles night air was measured by means of a continuous 
oxidant recorder, and an attempt was made to identify the “oxidant precursor.” Nitric 
oxide is shown to have a significant effect upon oxidant formation during the photolysis 
of nitrogen dioxide in the presence of certain hydrocarbons. The results of photo- 
chemical studies of highly purified Los Angeles air and relatively simple systems 
including nitrogen oxides and various hydrocarbons indicate that the amount of ozone 
formed by photolysis of low concentrations of nitrogen dioxide in air agrees with the 
amount predicted from rate data obtained at higher concentrations. 

“Scott described a long-path infrared spectrometer that was used to study photo- 
chemical reactions of air pollutants at low coucentrations. When a mixture of nitrogen 
dioxide and 3-methylheptane in oxygen was radiated, the products observed were 
alkyl nitrate, alkyl nitrite, formic acid, and ozone. The rate of formation of ozone from 
3-methylheptane and nitrogen dioxide was studied over a range of concentrations of 
both reactants. A transitory formation of ozone by the photolysis of nitrogen dioxide 
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in oxygen was demonstrated, and it was shown that if the fast back reaction between 
ozone and nitric oxide is suppressed by the addition of nitrogen pentoxide to react with 
the nitric oxide, the ozone will quickly accumulate in the system. The photochemical 
reaction of nitrogen with a series of organic compounds is reported. Butyraldehyde, 
biacetyl, methyl ethyl ketone, 1-pentene, and 2-pentene all formed ozone when irradiated 
with nitrogen dioxide in oxygen. Butyl alcohol produced a small amount, whereas 
benzene and butyric acid gave none. Infrared analysis of the products of the reaction 
between nitrogen dioxide and an organic compound frequently revealed, in addition to 
bands of known compounds, several unidentified absorption bands, which apparently 
belong to a single compound designated as “Compound X.” Physical and chemical 
properties of Compound X indicate that it is an acyl-nitrogen compound; however, its 
structure is not unequivocally determined. 

“Calvert reviewed photoactivated reactions on solid surfaces as a background for 
evaluation of the possible contribution of particulate matter to smog-forming reactions. 
The photosensitized reactions of various metallic compounds are discussed and the 
general characteristics of solid photosensitizers are summarized. Of the major metallic 
constituents present in the Los Angeles atmosphere, only lead and iron compounds are 
important from the standpoint of photosensitized reactions in the near ultraviolet 
absorption region. Speculations are made concerning the form in which these two 
metals may exist and their possible contribution to smog-forming reactions. 

“Leighton discussed the relation of the rates of photochemical primary processes to 
the diurnal variation of oxidant concentration. Assuming that oxidant is formed by a 
photochemical process and removed by a dark process, an approximate equation may be 
derived for the rate of change in oxidant concentration. Rates are calculated for certain 
absorbers present in urban atmospheres. Calculated and observed variations in oxidant 
concentration are compared, and the significance of the comparison is discussed. The 
individual terms of the equation for the rate of change of oxidant concentration are 
discussed.” 


Puitie DRINKER 


Industrial Medicine and Hygiene. Edited by E. R. A. Merewether. Price, $35.00 for 
three volumes. Pp., Vol. 1, 426; Vol. II, 451; Vol. III, 617. F. A. Davis Company, 
1914 Cherry St., Philadelphia 3, 1956. 

It is doubtful if there is a man living today with as full an experience in this field 
as Dr. Merewether, at present Senior Medical Inspector of Factories in Great Britain. 
He is an authority on many of the fields covered in the three volumes and this reviewer 
regrets only that Merewether did not write some of the chapters himself instead of 
confining his efforts to the difficult and laborious task of welding a nice collection of 
monographs into a continuous and logical whole. 

The first volume is on the practice of industrial medicine in Britain. It will interest 
everyone concerned with industrial health matters at it includes full treatment of 
British medical and nursing services, rehabilitation and the disabled worker, national 
insurance and sick benefits, feeding and canteen services in industry. 

Volume II opens with good chapters on skin diseases, occupational ophthalmology, 
and occupational psychology. It then shifts a bit to accidental type of illness—com- 
pressed-air work, electrical accidents, and explosives. The last five chapters are on 
heating and ventilation, lighting, sound, and ionizing radiations. 

Volume III, in the reviewer's opinion, is much the most useful for American readers. 
There are three parts, the first two on dust diseases and the last, in itself an ordinary 
sized book, on industrial carcinogenesis and toxicology. This last is exceptionally well 
done. 

There are too many authors, 35, to mention them by name but, collectively, they 
read like a “Who’s Who” in the field of industrial health in Britain. One cannot visit 
all these people but it is nice to know them by reading what they have to say in their 
respective fields—and all in one set of books. 
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This Food Serving 
is Low in Fat 


In the dietary regimens recommended by 
nutrition and medical authorities for the 
purpose of reducing fat in the diet the im- 
portance of the morning meal is given full 
recognition. 


A breakfast main dish, a food serving con- 
sisting of 1 ounce of ready-to-eat or hot 
cereal, 4 ounces of whole milk, and 1 tea- 


spoon of sugar has a well-merited place 
among those considered for reducing the 
fat intake in the diet as shown below. Not 
only is this portion low in fat and low in 
cholesterol but it makes a worth-while con- 
tribution of complete protein, essential B 
vitamins, and minerals. Thus it merits in- 
clusion in dietary regimens for the purpose 
of reducing fat in the diet. 


Nutritive Composition of Average Cereal Serving 


Cereal, 1 oz. 
Whole Milk, 4 oz. 
Sugar, 1 teaspoon 


Cereal** 
1 oz. 


Whole Milk 
4 oz. 


Sugar 
1 teaspoon 


Calories 
Protein 

Fat 
Carbohydrate 
Calcium 

lron 

Vitarnin A 
Thiamine 
Riboflavin 
Niacin 
Ascorbic Acid 
Cholesterol 


203 
7.3 gm. 
5.3 gm. 

32.2 gm. 
0.169 gm. 

1.5 mg. 

195 1. U. 
0.16 mg. 
0.25 mg. 

1.4 mg. 

1.5 mg. 
16.4 mg. 


104 
3.1 gm. 
0.6 gm. 
22 gm. 
0.025 gm. 
1.4 mg. 
0.12 mg. 
0.04 mg. 
1.3 mg. 


83 
4.2 gm. 


4.7 gm.* 


6.0 gm. 
0.144 gm. 
0.1 mg. 
195 1. U. 
0.04 mg. 
0.21 mg. 
0.1 mg. 
1.5 mg. 


16 


4.2 gm. 


— 16.4 mg.* 


*Nonfat (skim) milk, 4 oz., reduces the Fat value to 0.1 gm. and the Cholesterol value to 0.35 mg. 
**Based on composite average of breakfast cereals on dry weight basis. 


Bowes, A. deP., and Church, C. F.: Food Values of Portions Commonly Used. 8th ed. Philadelphia: A. deP. Bowes, 1956. 
Cereal Institute, Inc.: The Nutritional Contribution of Breakfast Cereals. Chicago: Cercal Institute, Inc., 1956. 
Hayes, O. B., and Rose, G. K.: Supplementary Food Composition Table. ]. Am. Dietet. A. 33:26, 1957. 
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elaxed 
but awake 


In emotional and nervous disorders, 
Mebaral exerts its calming influence 
without excessive hypnotic action. 


Mebaral is also a reliable anticonvulsant. 


INDICATIONS: 


Because of its high degree of sedative 
effectiveness, Mebaral finds a great field 
of usefulness in the regulation of 
agitated, depressed or anxiety states, 

as well as in convulsive disturbances. 
Specific disorders in which the calming 
influence of Mebaral is indicated 

include neuroses, mild psychoses, nervous 
symptoms of the menopause, hyper- 
tension, hyperthyroidism and epilepsy. 


for sedation 


32 mg. (% grain) and 
new 50 mg. (% grain) 
Antiepileptic: 
0.1 Gm. (1% grains) 
and 0.2 Gm. (3 grains) 


WINTHROP LABORATORIES New York 18,N.Y., Windsor, Ont. 
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